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CLAIMS 



[Claim(s)] 

[Claim l] A semiconductor storage element 
characterized by covering either [ at least ] one 
[ at least ] upper surface of the above-mentioned 
interlayer insulation film or metal wiring, or a 
base with a hydrogen diffusion barrier film in a 
semiconductor storage element with which a 
dielectric capacitor containing a dielectric film is 
formed on a semiconductor substrate, and it 
comes to form an interlayer insulation film and 
metal wiring above the above-mentioned 
dielectric capacitor by monolayer or multilayer. 
[Claim 2] In a semiconductor storage element 
according to claim 1 as a dielectric film material 
0(ZryTi(PbxLa l-x)l-y) 3 (0<=x, y<=l), A 
semiconductor storage element characterized by 
thing of Bi4Ti 3012, BaTiG3, LiNb03, LiTa03 
and YMn03, and Sr2Nb(s) 207 (0 (SrBi2(TaxNb 
l-x)209)<=x<=l) for which any one was used at 
least. 

[Claim 3] A semiconductor storage element 
characterized by thing SrTi03, BaxSrlxTi03 
(x<=l), and of Ta205 for which any one was used 
at least as a dielectric film material in a 
semiconductor storage element according to claim 
1. 

[Claim 4] A semiconductor storage element 
characterized by thing of an oxide of aluminum, a 
nitride of aluminum, an oxidation nitride of 
aluminum, an oxide of Ta, an oxidation nitride of 
Ta, an oxide of Ti, and the oxides of Zr for which 
any one was used for the above-mentioned 
hydrogen diffusion barrier film at least in a 
semiconductor storage element according to claim 
1. 

[Claim 5] A semiconductor storage element with 
which the above-mentioned hydrogen diffusion 
barrier film is lOOnm or less of lOnm or more 



-2-3. 

thickness, and an amorphous substance or grain 
size is characterized by being any one at least of 
an oxide 5nm or less of aluminum, a nitride of 
aluminum, an oxidation nitride of aluminum, an 
oxide of Ta, an oxidation nitride of Ta, an oxide of 
Ti, and the oxides of Zr in a semiconductor 
storage element according to claim 4. 
[Claim 6] A dielectric capacitor containing a 
dielectric film is formed on a semiconductor 
substrate, and an interlayer insulation film and 
metal wiring are formed above the 
above-mentioned dielectric capacitor by 
monolayer or multilayer. It is the manufacture 
method of a semiconductor storage element that 
either [ at least ] one [ at least ] upper surface of 
the above-mentioned interlayer insulation film or 
metal wiring or a base is covered with a hydrogen 
diffusion barrier film. A manufacture method of a 
semiconductor storage element characterized by 
performing heat treatment of 300-degree-C or 
more 450-degree-C or less temperature under 
oxygen, nitrogen, or these mixed-gas ambient 
atmospheres after the above-mentioned hydrogen 
diffusion barrier film formation. 
[Claim 7] A capacitor insulator layer which 
consists of a metallic-oxide dielectric film on a 
substrate A monolayer or multilayer metal wiring 
containing a conductive plug It is the 
semiconductor storage element equipped with the 
above, and it has hydrogen barrier property and a 
hydrogen barrier film which stands in a row to 
the above-mentioned conductive plug is 
characterized by having covered a part of bonnet 
and above-mentioned capacitor insulator layer 
[ at least ] for some of interlayer insulation films 
between the above-mentioned substrate and the 
above-mentioned metal wiring, or one [ at least ] 
interlayer insulation films [ at least ] between the 
above-mentioned multilayer metal wiring. 
[Claim 8] A semiconductor storage element 
characterized by a film which has the 
above-mentioned hydrogen barrier property 
consisting of an aluminum oxide in a 
semiconductor storage element according to claim 
7. 

[Claim 9] A semiconductor storage element 
characterized by the above-mentioned conductive 
plug consisting of a tungsten or titanium nitride 
in a semiconductor storage element according to 
claim 7. 

[Claim 10] A manufacture method of a 
semiconductor storage element of having a 
capacitor insulator layer which is characterized 



by providing the following and which consists of a 
metallic-oxide dielectric film A process at which a 
wrap interlayer insulation film is formed for this 
dielectric capacitor, and at least a part forms a 
wrap hydrogen barrier film for the 
above-mentioned dielectric capacitor on this 
interlayer insulation film after forming a 
dielectric capacitor A process to which the opening 
of the hole which makes metal wiring counter the 
above-mentioned interlayer insulation film is 
carried out A process which lays a conductive plug 
underground in the above-mentioned hole 
[Claim 11] A manufacture method of a 
semiconductor storage element characterized by 
the above-mentioned hydrogen barrier film 
consisting of an aluminum oxide in a manufacture 
method of a semiconductor storage element 
according to claim 10. 

[Claim 12] A manufacture method of a 
semiconductor storage element characterized by 
the above-mentioned conductive plug consisting of 
a tungsten or titanium nitride in a manufacture 
method of a semiconductor storage element 
according to claim 10. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 
This invention relates to a semiconductor storage 
element and its manufacture method. It is related 
with the nonvolatile semiconductor storage 
element using a ferroelectric film or the 
.semiconductor storage element using a high 
dielectric film, and its manufacture method more 
in detail. Moreover, it is related with the 
semiconductor storage element which is a 
semiconductor storage element which used the 
metal-oxide dielectric for details more, and can 
also bear reducing atmospheres, such as hydrogen, 
and its manufacture method. 
[0002] 

[Description of the Prior Art] Conventionally, the 
ferroelectric thin film is applied to the wide range 
device from having many functions, such as 
spontaneous polarization, a high dielectric 
constant, the electro -optical effect, the 
piezo-electric effect, and a pyroelectric effect. For 
example, using the pyroelectricity, it is used for 
an infrared linear array sensor, and is used for an 
ultrasonic sensor using piezoelectric [ the ], and is 



used for the optical waveguide modulator using 
the electro-optical effect. Moreover, it is used for 
dynamic random access memory (henceforth, 
DRAM) in various directions using the high 
dielectric. 

[0003] The development of the ferroelectric 
nonvolatile memory (FRAM) which is 
high-density and operates at a high speed to 
which semiconductor memory technology was 
combined with progress of thin film coating 
technology in recent years especially is 
prosperous. highspeed writing / reading 
appearance of the nonvolatile memory using a 
ferroelectric thin film are carried out, low battery 
actuation, and writing / reading appearance are 
carried out, and research and development are 
briskly done towards utilization from the tolerant 
property as memory which not only replacement 
of the conventional nonvolatile memory but a 
static RAM (SRAM) and a DRAM field can 
replace. 

[0004] A remanence is large to such device 
development, and a coercive field is small to it, 
and a material with the big repeat resistance of 
polarization reversal is required for it at low 
leakage current. Furthermore, since reduction of 
operating voltage and a semiconductor 
micro-processing process are suited, it is desirable 
to realize the above-mentioned property with the 
thin film of 200nm or less of thickness. And as a 
ferroelectric material used for these uses, 
titanic-acid lead zirconate (PbxLa l x) (ZryTil-y) 
(03, 0<=x, y<=l, henceforth, PZT) and a bismuth 
layer structure compound thin film like 
SrBi2(TaxNb l-x)209 (0<=x<=l, henceforth, SBT) 
fit application of a ferroelectric and a high 
dielectric integrated circuit. 

[0005] On the other hand, in order to increase 
capacitor capacity to high integration of dynamic 
random access memory (DRAM) The tantalic 
acid-ized film (henceforth, Ta 205) which has 
been used conventionally and which is a material 
with a dielectric constant higher than silicon 
oxide, and titanic-acid stolon CMUUMU 
(henceforth, SrTi03), High dielectric materials, 
such as barium titanate stolon CHUUMU 
(henceforth, Ti03 (Ba, Sr)), tend to be applied to 
the future high accumulation DRAM of 256 
megabits - 1 gigabits or more, and research and 
development are done briskly. 

[0006] Drawing 11 is the cross section of the 
ferroelectric memory device which used the 
conventional one-layer metal wiring. As for 101, 



as for a conductivity-type silicon substrate and 
102, in drawing, an element isolation region and 
103 are gate electrodes with which the gate oxide 
of a selection transistor and 104 become the 
source drain field of a transistor, and 105 becomes 
a polish recon word line. 106 [ moreover, ] -- the 
insulator layer layer between the first passes, and 
107 - an adhesion layer and 108 - Pt lower 
electrode and 109 ■■ in a ferroelectric thin film 
and 110, the second interlayer insulation film and 
113 show the first metal wiring, and, as for Pt up 
electrode and 111, 114 shows a surface -protection 
membrane layer, as for a diffusion barrier film 
and 112. 

[0007] after it carries out memory reading 
appearance of the ferroelectric random-access 
memory which used such a ferroelectric film for 
the capacitor and it forms the selection transistor 
for writing, it deposits the insulator layer 106 
between the first passes, and deposits the oxide of 
Ti or Ti as an adhesion layer 107 of a lower 
electrode. Next, the laminating of the lower 
electrode 108, the ferroelectric film 109, and the 
up electrode 110 is carried out. A capacitor is 
completed by processing each class by the dry 
etching method. Next, as a diffusion barrier film 

111, in order to control the diffusion to the 
capacitor of hydrogen generated at the time of a 
reaction with an interlayer insulation film, or 
interlayer insulation film formation, oxides, such 
as Ti, aluminum, or Zr, are deposited so that the 
whole ferroelectric capacitor may be covered. 
[0008] Next, the second interlayer insulation film 

112, such as silicon oxide, is formed. Next, in 
order to connect between the source drains of a 
selection transistor with the up electrode of a 
capacitor with metal wiring, the opening of the 
contact hole is carried out and it connects using 
the first metal wiring 113 of aluminum etc. 
Finally, a surface -protection membrane layer 114 
like a silicon nitride is formed, and a sinter is 
carried out around 400 degrees C in the ambient 
atmosphere containing 2 - 5% of hydrogen as the 
last heat treatment. 

[0009] 

[Problem(s) to be Solved by the Invention] As for a 
ferroelectric film or a high dielectric film, if 
hydrogen is touched, it will be easy to be returned, 
and since metals, such as Pt and Ir, are used, 
these metals have the catalyst effect which 
promotes a strong reduction reaction especially in 
the electrode which is in contact with the 
ferroelectric film or the high dielectric film. For 



this reason, if hydrogen sticks to an electrode, it 
will be in an activity condition, and if spread in a 
ferroelectric film, a ferroelectric film will be 
returned easily. 

[0010] On the other hand, in the manufacturing 
process of semiconductor memory, there is a 
process which hydrogen generates plentifully. The 
interlayer insulation film formed on a high 
dielectric capacitor or a ferroelectric capacitor is 
usually formed by the chemical vapor deposition 
(following CVD method) which used the silane 
(henceforth, SiH4), the tetra-ethoxy silane (Si 
(OC2H5)4, henceforth, TEOS), etc. as the main 
raw material. When these raw materials are used, 
a raw material decomposes at the time of 
formation, and hydrogen occurs. If this hydrogen 
is spread to a ferroelectric or a high dielectric 
capacitor, a ferroelectric film (high dielectric film) 
is returned, leakage current will Increase or a 
remanence value will fall. 

[00 11] Moreover, a defect is introduced at the time 
of gate oxide formation of an MOS transistor, 
interface-state-density density increases, and the 
semiconductor memory device which consists of 
an MOS transistor and a dielectric capacitor 
fluctuates the threshold voltage of a transistor. As 
a method of decreasing such level, it is usually 
heat treated in a hydrogen ambient atmosphere 
after device production. In the ambient 
atmosphere containing hydrogen, if 400~degree-C 
or more heat treatment of 450 degrees C or less is 
carried out, hydrogen will be spread, if gate oxide 
is reached, termination of the defect will be 
carried out and interface -state -density density 
will be reduced. A capacitor property deteriorates 
also by this heat treatment. As a method of 
controlling deterioration by this hydrogen 
diffusion, as shown in open patent official 
report:JP,8-335673,A or JP,10-294433,A, it is 
effective to form the diffusion barrier films 111, 
such as an oxide of Ti, aluminum, or Ta, so that a 
capacitor may be covered. 

[0012] However, by memory with the degree of 
integration beyond 256K bit, since the layout and 
circumference circuit of a memory cell are 
complicated, metal wiring is needed more than 
two-layer. 

[0013] The ferroelectric memory device which 
applied two-layer metal wiring is shown in 
drawing 12 . As for 115, as for a conductivity -type 
silicon substrate and 116, in drawing 12 , an 
element isolation region and 117 are gate 
electrodes with which the gate oxide of a selection 



transistor and 118 become the source drain field 
of a transistor, and 119 becomes a polish recon 
word line. 120 [ moreover, ] - the insulator layer 
between the first passes, and 121 - an adhesion 
layer and 122 - Pt lower electrode and 123 - a 
ferroelectric thin film and 124 ■■ Pt up electrode 
and 125 - in a diffusion barrier film and 126, the 
third interlayer insulation film and 129 show the 
second metal wiring, and, as for the second 
interlayer insulation film and 127, 130 shows a 
surface-protection membrane layer, as for the first 
metal wiring and 128. 

[0014] Aluminum wiring is usually used for metal 
wiring, and after forming the aluminum wiring 
127 of the 1st layer, the third interlayer 
insulation film 128 which is silicon oxide is 
formed with a CVD method, and the laminating of 
aluminum wiring deposits the aluminum thin 
film of a two-layer eye, uses a photoresist for a 
mask, and forms the aluminum wiring 129 of a 
two-layer eye by the reactive -ion- etching method. 
Even when forming aluminum wiring of the 3rd 
layer, similarly, an interlayer insulation film is 
formed on aluminum wiring of a two-layer eye, 
and the 3rd layer aluminum wiring is formed. 
[0015] The interlayer insulation film contains 
hydrogen and a lot of moisture in the film, since it 
is formed around 400 degrees C, in an interlayer 
insulation film formation backward heat 
treatment process and the heat treatment process 
which it is further at the upper interlayer 
insulation film formation time, hydrogen ****s or 
moisture is desorbed from it. If even aluminum 
wiring diffuses especially the moisture from 
which it was desorbed, aluminum wiring will 
oxidize easily and a lot of hydrogen will generate 
it in this oxidation process. 

(2aluminum+3H!20->aluminum203+3H2**) . The 
yield of the hydrogen at the time of this 
multilayer aluminum wiring formation is 
abundant, it is difficult to obtain barrier property 
sufficient in just the diffusion barrier layer 
formed so that the used ferroelectric capacitor 
might be covered conventionally, and a capacitor 
property deteriorates. 

[0016] Moreover, the semiconductor storage 
element which used for the capacitor insulator 
layer the dielectric film which consists of a 
metallic oxide is developed, and commercial 
production is also advanced. Especially as for 
FeRAM (Ferroelectric Random Access Memory) 
which used the ferroelectric thin film, application 
of a personal digital assistant or non-contact IC 



KADOHE is expected from many advantages, 
such as the high-speed operation nature, 
low-power nature, and a non volatile. 
[0017] In such application, mixed loading with a 
microcomputer core is indispensable for advanced 
features and high-performance-izing. When mixed 
loading with a logic device is considered, a 
multilayer-interconnection process is not avoided. 
Furthermore, it will be necessary to form the plug 
which consists of a tungsten or titanium nitride in 
the beer hall which connects between wiring in 
detailed-ization which aimed at high integration. 
[0018] However, in such a 

multilayer-interconnection process, the hydrogen 
of a large quantity occurs, the ferroelectric thin 
film which consists of an oxide is returned easily, 
the property deteriorates greatly, and when the 
worst, a ferroelectricity will be lost. When forming 
the plug of a tungsten or titanium nitride 
especially, generally in those CVD (Chemical 
Vapor Deposition) processes, introducing 
hydrogen as reducing gas is performed widely. For 
this reason, a ferroelectric capacitor is returned 
by hydrogen and property deterioration is caused. 
[0019] In order to prevent the deterioration from 
such hydrogen, the cure as shown in the 
JP,8-335673,A official report is taken. That is, a 
ferroelectric capacitor tends to be covered with a 
titanium oxide film, an aluminum-oxide film, etc. 
which have hydrogen barrier property, and it is 
going to prevent contact in hydrogen as much as 
possible. 

[0020] However, there is a limit in the hydrogen 
barrier property of these , hydrogen barrier film, 
defense of ferroelectric capacitor right above is 
inadequate, as the capacitor property is shown in 
drawing 22 , it has deteriorated greatly and it is 
shown that formation of FeRAM with a good 
property is difficult. 

[0021] Then, it is made in view of the 
above-mentioned technical problem, and 
deterioration of a ferroelectric film or a high 
dielectric film does not arise, but this invention 
prevents deterioration by the hydrogen of a 
ferroelectric capacitor, and aims at offering a 
semiconductor storage element with the high 
reliability which has a ferroelectric capacitor with 
a good property, and its manufacture method. 
[0022] 

[Means for Solving the Problem] In order to attain 
the above-mentioned object, a semiconductor 
storage element by this invention is characterized 
by covering either [ at least ] one [ at least ] upper 



surface of the above-mentioned interlayer 
insulation film or metal wiring, or a base with a 
hydrogen diffusion barrier film in a 
semiconductor storage element with which a 
dielectric capacitor containing a dielectric film is 
formed on a semiconductor substrate, and it 
comes to form an interlayer insulation film and 
metal wiring above the above-mentioned 
dielectric capacitor by monolayer or multilayer. 
[0023] Either [ at least ] one [ at least ] upper 
surface of the above-mentioned above-mentioned 
interlayer insulation film or metal wiring or a 
base is covered in a semiconductor storage 
element of this invention by hydrogen diffusion 
barrier film. It can prevent hydrogen generated 
with a hydrogen diffusion barrier film of the 
above-mentioned configuration at a process which 
forms interlayer insulation film metallurgy group 
wiring infiltrating into the above-mentioned 
dielectric capacitor. Therefore, deterioration of a 
ferroelectric film or a high dielectric film does not 
arise, but deterioration by hydrogen of a 
ferroelectric capacitor is prevented, and it 
becomes a semiconductor storage element with 
high reliability which has a ferroelectric capacitor 
with a good property. 

[0024] With a certain operation gestalt, the 
above-mentioned hydrogen diffusion barrier film 
is an oxide of aluminum, a nitride of aluminum, 
an oxidation nitride of aluminum, an oxide of Ta, 
a nitriding oxide of Ta, an oxide of Ti, or the oxide 
of Zr. Moreover, with a certain operation gestalt, 
the above-mentioned hydrogen diffusion barrier 
film is an oxide of aluminum, a nitride of 
aluminum, an oxidation nitride of aluminum, an 
oxide of Ta, a nitriding oxide of Ta, an oxide of Ti, 
or the oxide of Zr, and the thickness's being [ of 
lOnm or more lOOnm or less degree ] amorphous 
or grain size is the thing of a microcrystal 5nm or 
less. 

[0025] According to the semiconductor storage 
element of the above-mentioned operation gestalt, 
it can prevent hydrogen generated with a 
hydrogen diffusion barrier film of the 
above-mentioned configuration at a process which 
forms interlayer insulation film metallurgy group 
wiring infiltrating into the above-mentioned 
dielectric capacitor. 

[0026] Furthermore, by manufacture method of a 
certain operation gestalt, using the sputtering 
method, the above-mentioned hydrogen diffusion 
barrier film is formed by within the limits with a 
substrate temperature of 25-400 degrees C, and 



performs 450 degrees C [ 300 degrees C or more ] 
or less of heat treatments for 60 or less minutes 
30 minutes or more under oxygen, nitrogen, or a 
mixed ambient atmosphere of these gas. Moreover, 
when forming with a CVD method, substrate 
temperature is heated at 300 degrees C or more 
450 degrees C or less, an organic metal raw 
material containing aluminum, Ta, Ti, or Zr is 
used for the main raw material, mixed gas of 
oxygen, nitrogen, or these gas is introduced into a 
reaction chamber, and it forms under a pressure 
of a 1 or more Torrs 10 or less Torr ambient 
atmosphere. About Ti and Ta, the halogenides 
TiC14 and TaC15 of these metals may be used for 
the main raw material. 

[0027] Moreover, a semiconductor storage element 
of 1 operation gestalt is set to a semiconductor 
storage element equipped with a capacitor 
insulator layer which consists of a metallic-oxide 
dielectric film, and a monolayer or multilayer 
metal wiring containing a conductive plug on a 
substrate. It had hydrogen barrier property and a 
hydrogen barrier film which stands in a row to 
the above-mentioned conductive plug has covered 
a part of bonnet and above-mentioned capacitor 
insulator layer [ at least ] for some of interlayer 
insulation films between the above-mentioned 
substrate and the above-mentioned metal wiring, 
or one [ at least ] interlayer insulation films [ at 
least ] between the above-mentioned multilayer 
metal wiring. 

[0028] With this operation gestalt, it had 
hydrogen barrier property and a hydrogen barrier 
film which stands in a row to the 
above-mentioned conductive plug has covered a 
part of bonnet and above-mentioned capacitor 
insulator layer [ at least ] for some of interlayer 
insulation films between the above-mentioned 
substrate and the above-mentioned metal wiring, 
or one [ at least ] interlayer insulation films [ at 
least ] between the above-mentioned multilayer 
metal -wiring. It can prevent hydrogen generated 
with this hydrogen barrier film by this in case a 
conductive plug is formed infiltrating into the 
above-mentioned capacitor insulator layer. 
Therefore, deterioration of a capacitor insulator 
layer by hydrogen is prevented, and a 
semiconductor storage element with high 
reliability which has a capacitor insulator layer 
with a good property can be offered. 
[0029] Moreover, as for a semiconductor storage 
element of 1 operation gestalt, the 
above-mentioned hydrogen barrier film consists of 



an aluminum oxide. 

[0030] With this operation gestalt, since the 
above-mentioned hydrogen barrier film consists of 
an aluminum oxide, a film which consists of this 
aluminum oxide can be operated as a hydrogen 
barrier film which has hydrogen barrier property. 
[0031] Moreover, as for a semiconductor storage 
element of 1 operation gestalt, the 
above-mentioned conductive plug consists of a 
tungsten or titanium nitride. 

[0032] Although hydrogen occurs with this 
operation gestalt in case this conductive plug is 
formed since the above-mentioned conductive 
plug consists of a tungsten or titanium nitride, in 
this invention, it can prevent that the 
above-mentioned hydrogen barrier film is also 
about this generated hydrogen infiltrating into 
the above-mentioned capacitor insulator layer, 
and can prevent returning a capacitor insulator 
layer which consists of the above-mentioned 
metallic-oxide dielectric film by the 
above-mentioned hydrogen. 

[0033] Moreover, a manufacture method of a 
semiconductor storage element of 1 operation 
gestalt It is the manufacture method of a 
semiconductor storage element of having a 
capacitor insulator layer which consists of a 
metallic-oxide dielectric film. A process at which a 
wrap interlayer insulation film is formed for this 
dielectric capacitor, and at least a part forms a 
wrap hydrogen barrier film for the 
above-mentioned dielectric capacitor on this 
interlayer insulation film after forming a 
dielectric capacitor, It had a process to which the 
opening of the hole which makes metal wiring 
counter the above-mentioned interlayer insulation 
film is carried out, and a process which lays a 
conductive plug underground in the 
above-mentioned hole. 

[0034] With this operation gestalt, since at least a 
part forms a wrap hydrogen barrier film for the 
above-mentioned dielectric capacitor on this 
interlayer insulation film after forming a wrap 
interlayer insulation film for the above-mentioned 
dielectric capacitor, it can prevent hydrogen 
generated at a process which lays a next 
conductive plug underground as this hydrogen 
barrier film is also infiltrating into a dielectric 
capacitor. 

[0035] Moreover, the above-mentioned hydrogen 
barrier film consists of an aluminum oxide by 
manufacture method of a semiconductor storage 
element of 1 operation gestalt. 



[0036] With this operation gestalt, since the 
above-mentioned hydrogen barrier film consists of 
an aluminum oxide, a film which consists of this 
aluminum oxide can be operated as a hydrogen 
barrier film which has hydrogen barrier property. 
[0037] Moreover, as for a manufacture method of 
a semiconductor storage element of 1 operation 
gestalt, the above-mentioned conductive plug 
consists of a tungsten or titanium nitride. 
[0038] Although hydrogen occurs with this 
operation gestalt in case this conductive plug is 
formed since the above-mentioned conductive 
plug consists of a tungsten or titanium nitride, 
with this operation gestalt, it can prevent that the 
above-mentioned hydrogen barrier film is also 
about this generated hydrogen infiltrating into 
the above-mentioned capacitor insulator layer, 
and can prevent returning a capacitor insulator 
layer which consists of the above-mentioned 
metallic-oxide dielectric film by the 
above-mentioned hydrogen. 
[0039] 

[Embodiment of the Invention] Hereafter, this 
invention is explained to details based on the 
gestalt of operation. 

[0040] (1st operation gestalt) The 1st operation 
gestalt which is a planar mold ferroelectric 
memory device using two-layer aluminum wiring 
is explained below using drawing 1 and 
manufacturing process drawing of drawing 2 . 
[0041] By the well-known method, the element 
isolation region 32, the gate oxide 33 of a selection 
transistor, the source drain field 34 of a selection 
transistor, and the gate electrode 35 used as a 
polish recon word line are formed on the Si 
substrate 31, after covering by the insulator layer 

36 between the first passes which consists of 
well-known BPSG ( drawing 1 (a)), by the 
well-known sputtering method, the 30nm Ti oxide 

37 is formed as an adhesion layer of a lower 
electrode, and 100"200nm of Pt lower electrodes 

38 On this lower electrode, the ferroelectric thin 
film 39 which consists of a SBT thin film is 
formed as a ferroelectric thin film. The formation 
method of a SBT thin film is as follows. 

[0042] Tantalum ethoxide (Ta (OC2H5)5), 
bismuth 2 ethyl hexanate (Bi2 (C7H15COO)), and 
stolon CHUUMU 2 ethyl hexanate (Sr2 
(C7H15COO)) were used as a start raw material 
of solution composition. In order to carry out 
weighing capacity of the tantalum ethoxide, to 
make it dissolve into 2 ethyl hexanate and to 
promote a reaction, it agitated heating from 100 



degrees C to 120 degrees C, and was made to 
react for 30 minutes. Then, the ethanol and the 
moisture which were generated by the reaction 
were removed at 120 degrees C. Optimum dose 
was added so that stolon CHUUMU 2 hexa NETO 
which the 20 to 30ml xylene was made to dissolve 
in this solution might be set to Sr/Ta=l/2, and 
heating churning was carried out for 30 minutes 
at 125 to a maximum of 140 degrees C. Then, 
heating churning of the bismuth 2-ethyl hexanate 
which the 10ml xylene was made to dissolve in 
this solution was carried out for 10 hours at 130 
to a maximum of 150 degrees C so that it might 
be set to Sr/Bi/Ta= 1/2.4/2. [ optimum dose **** 
and ] 

[0043] Next, in order to remove the xylene which 
used the alcohol and water of low molecular 
weight as a solvent from this solution, it distilled 
at the temperature of 130-150 degrees C for 5 
hours. Then, it adjusted so that the concentration 
of SrBi2Ta 209 of a solution might become 0.1 
mol/1, and this was made into the precursor 
solution. In addition, by being limited to the 
above-mentioned thing, the above-mentioned 
start raw material should just fully dissolve these 
raw materials also about a solvent. 
[0044] Next, this precursor solution was used and 
the ferroelectric SBT thin film 39 was formed at 
the following processes. First, on Si substrate, the 
above-mentioned precursor solution was dropped 
and it applied with the well-known spin coat 
method. Then, in order to make a solvent remove 
thoroughly, it dried on the hot plate heated at 250 
degrees C, and, subsequently calcinated below 
600 degrees C or more 700 degrees C with the 
electric furnace. The SBT thin film 39 which are a 
3 times repeat and a ferroelectric thin film of 
200nm of thickness about this membrane 
formation process was formed. 

[0045] Next, well-known ultraviolet-rays cutback 
dew using a photoresist after thickness forms the 
Pt up electrode 40 which is lOOnm ( drawing 1 (b)) 
Using C12 gas as etching gas, the etching gas 
pressure was maintained at 1.5mTorr(s), by 
microwave excitation, the plasma was generated, 
RF bias was impressed to the substrate which set 
the wafer, and Pt was mainly processed. Then, it 
heat-treated in 700-800 degrees C and an oxygen 
ambient atmosphere with the electric furnace. 
Next, the SBT film and the lower electrode were 
processed using the well-known photolithography 
method and the describing [ above ] dry etching 
method using the photoresist. It was mainly 



processed, using C2F6 gas as etching gas. 
[0046] Next, as a diffusion barrier film 41 of H2, 
the oxide of aluminum or the nitride of aluminum 
was formed so that a capacitor electrode and a 
ferroelectric film might be covered ( drawing 1 (c)). 
The DC magnetron sputtering method, the RF 
magnetron sputtering method, or the electron 
cyclotron resonance was formed by the sputtering 
method using the source of the plasma using 
aluminum target or the oxide target of aluminum, 
and the nitride target of aluminum. Substrate 
temperature was held at 25 degrees C or more 
400 degrees C or less, and the 02/(02+Ar) rate of 
a gas ratio was introduced into the membrane 
formation room in 0.1 to 0.5, and formed 
membranes in the range of lmTorr to 20mTorr(s) 
in the pressure. 

[0047] The thickness of a diffusion barrier film set 
to lOnm or more lOOnm or less, is 400 degrees C 
from the substrate temperature of 100 degrees C, 
and formed the oxide of aluminum. A diffusion 
barrier film is not limited to the oxide of 
aluminum, and the nitride of aluminum, and the 
barrier effect with the same said also of the oxide 
of Ta, the nitriding oxide of Ta, the oxide of Ti, or 
the oxide of Zr is acquired. 

[0048] Next, it is an organic silicon compound (by 
the ordinary pressure CVD method or TEOS to 
which a tetraethoxy silane (Si (OC2H5)4, 
henceforth, TEOS) and 03 were made to react, 
and the plasma-CVD method to which 02 was 
made to react, the oxide film was formed by 
500nm or more 600nm or less.) as the second 
interlayer insulation film 42 on the capacitor 
covered with the diffusion barrier film 41. 
[0049] By the well-known photolithography 
method and the well-known dry etching method, 
the opening of the contact hole with a diameter of 
0.8 micrometers was carried out on a capacitor up 
electrode and the source of a transistor, and a 
drain. Then, aluminum of 700nm of thickness was 
formed by the DC magnetron sputtering method, 
aluminum was processed by the well-known 
photolithography method and the dry etching 
method, and the first metal wiring 43 was formed 
( drawing 1 (d)). 

[0050] Next, the diffusion barrier film 44 was 
formed so that the first metal wiring 43 and the 
second interlayer insulation film 42 might be 
covered ( drawing 2 (a)). The oxide of aluminum 
or the nitride of aluminum was used for the 
diffusion barrier film. The thickness of the 
diffusion barrier film 44 set to lOnm or more 



lOOnm or less, and formed the oxide of aluminum 
at 400 degrees C from the substrate temperature 
of 100 degrees C. The membrane formation 
method and membrane formation conditions are 
as above-mentioned. A diffusion barrier film is not 
limited to the oxide of aluminum, and the nitride 
of aluminum, and the barrier effect with the same 
said also of the oxide of Ta, the nitriding oxide of 
Ta, the oxide of TI, or the oxide of Zr is acquired. 
[0051] Next, 600-1000nm of Si oxide films was 
formed by the plasma- CVD method to which the 
ordinary pressure CVD method to which TEOS 
and ozone were made to react, TEOS, or SiH4 and 
02 were made to react as the third interlayer 
insulation film 45. Then, the opening of the 
0.8-micrometer beer hall was carried out by the 
well-known photolithography method and the 
well-known dry etching method. Then, aluminum 
film of 700nm of thickness was formed by the DC 
magnetron sputtering method, aluminum was 
processed by the well-known photolithography 
method and the dry etching method, and the 
second metal wiring 46 was formed ( drawing 2 
(b)). Next, the diffusion barrier film 47 was 
formed so that the second metal wiring 46 and the 
third interlayer insulation film 45 might be 
covered. The diffusion barrier film used the oxide 
of aluminum, or the nitride of aluminum like the 
above. 

[0052] Finally, 500nm of SiN films was formed by 
the well-known plasmaCVD method as a 
surface-protection film 48 ( drawing 2 (c)). 
[0053] Thus, the ferroelectric property of the 
produced memory cell was measured using the 
well-known SOYA tower circuit. The hysteresis 
characteristic of the ferroelectric capacitor after 
the last protective coat formation when not 
covering aluminum wiring with a diffusion 
barrier film is shown in drawing 3 . Moreover, the 
hysteresis characteristic of the ferroelectric 
capacitor after the last protective coat formation 
at the time of covering aluminum wiring with the 
diffusion barrier film of aluminum oxide is shown 
in drawing 4 . Two-layer aluminum wiring was 
applied also about which capacitor. The value of 
remanence value Pr=8.2microC/cm2 and coercive 
electric field Ec=40 kV/cm which applied the 
diffusion barrier film was acquired to the 
remanence value of an up electrode size 
1.5micrometer angle of the ferroelectric capacitor 
which has not applied the diffusion barrier film to 
aluminum wiring decreasing to 

Pr=0.51.3microC/cm2. Actuation sufficient as a 



capacitor of ferroelectric random-access memory 
was checked. 

[0054] In addition, in the gestalt of this operation, 
although used for the ferroelectric random-access 
memory which applied two-layer aluminum 
wiring, even if this invention is not limited to this 
and applies the diffusion barrier also about 
multilayer aluminum wiring further, it is effective. 
[0055] Moreover, although the SBT thin film was 
used as a ferroelectric film in the gestalt of this 
operation This invention is not what is limited to 
this. (PbxLa 1-x) It is also possible to use 03, 
Bi4Ti 3012, BaTi03, LiNb03, LiTa03 and 
YMn03, and Sr2Nb 207 (0 (SrBi2(TaxNb 
l-x)209)<=x, y<=l) (ZryTil-y). 

[0056] Furthermore, although explained in the 
gestalt of this operation, using Pt thin film as a 
material of an electrode, it is also possible for this 
invention not to be limited to this and to use PtRh, 
PtRhOx, Ir, Ir02 and Ru02, RhOx, and 
LaSrCo03 grade. 

[0057] (2nd operation gestalt) The operation 
gestalt which is a stack mold ferroelectric memory 
device using two-layer aluminum wiring is 
explained below using drawing 5 and 
manufacturing process drawing of drawing 6 . 
[0058] By the well-known method, the element 
isolation region 50, the gate oxide 51 of a selection 
transistor, the source drain field 52 of a transistor, 
and the gate electrode 53 used as a word line are 
formed on the Si substrate 49, and flattening of 
the BPSG film is carried out by the bonnet and 
well-known chemical mechanical griding by the 
insulator layer 54 between the first passes which 
consists of well-known BPSG. Next, after carrying 
out the opening of the contact hole with a 
diameter of 0.3 micrometers to the source field of 
a transistor, the polish recon film with which the 
phosphorus of 300nm or more of thickness was 
added is formed, by well-known chemical 
mechanical griding, only the inside of a contact 
hole is polished so that polish recon may be 
embedded, and a plug 55 is completed ( drawing 5 
(a)). 

[0059] Next, laminating formation of the cascade 
screen 56 of a lOOnm TiN film was carried out by 
the DC magnetron sputtering method from Ti film 
of 20nm of thickness, and 50nm of thickness. 
Instead of a TiN film, a TaSiN film, a TiAIN film, 
a TiSiN film, etc. may be used. Next, the Pt film 
57 used as the lower electrode of a capacitor was 
formed by the thickness of 200nm. Like the 1st 
operation gestalt, the SBT film 58 and the up Pt 



electrode 59 were formed as a ferroelectric film 
( drawing 5 (b)), the up electrode was processed 
into 1.5-micrometer angle using well-known 
photolithography technology and the dry etching 
method, and it considered as the capacitor 
electrode. Then, it heat-treated in 700-800 
degrees C and an oxygen ambient atmosphere 
with the electric furnace. Next, the SBT film and 
the lower electrode were processed using the 
well-known photolithography method and the 
describing [ above ] dry etching method using the 
photoresist. 

[0060] Next, as a diffusion barrier film 60 to H2, 
the oxide of aluminum or the nitride of aluminum 
was formed so that a capacitor electrode and a 
ferroelectric film might be covered ( drawing 5 (c)). 
A diffusion barrier film is not limited to the oxide 
of aluminum, and the nitride of aluminum, and 
the barrier effect with the same said also of the 
oxide of Ta, the nitriding oxide of Ta, the oxide of 
Ti, and the oxide of Zr is acquired. 
[006 1] Next, the second interlayer insulation film 
61 was formed on the capacitor covered with the 
diffusion barrier film. The opening of the contact 
hole was carried out by the well-known 
photolithography method and the dry etching 
method on the capacitor up electrode. Then, 
aluminum film of 700nm of thickness was formed 
by the DC magnetron sputtering method. By the 
well-known photolithography method and the 
well-known dry etching method, aluminum was 
processed and the first metal wiring 62 was 
formed ( drawing 5 (d)). 

[0062] Next, the diffusion barrier film 63 was 
formed so that the first metal wiring 62 and the 
second interlayer insulation film 61 might be 
covered ( drawing 6 (a)). The oxide of aluminum 
or the nitride of aluminum was used as this 
diffusion barrier film. The thickness of a diffusion 
barrier film set to lOnm or more lOOnm or less, 
and formed the oxide of aluminum at 400 degrees 
C from the substrate temperature of 100 degrees 
C. The membrane formation method and 
membrane formation conditions are as 
above-mentioned. A diffusion barrier film is not 
limited to the oxide of aluminum, and the nitride 
of aluminum, and the barrier effect with the same 
said also of the oxide of Ta, the nitriding oxide of 
Ta, the oxide of Ti, and the oxide of Zr is acquired. 
[0063] Next, Si oxide film was formed by the 
thickness of 600-1000nm as the third interlayer 
insulation film 64. Then, the opening of the beer 
hall was carried out by the well-known 



photolithography method and the dry etching 
method. Then, aluminum film of 700nm of 
thickness was formed by the DC magnetron 
sputtering method, aluminum was processed by 
the well-known photolithography method and the 
dry etching method, and the second metal wiring 
65 was formed ( drawing 6 (b)). 
[0064] Next, the diffusion barrier film 66 was 
formed so that the second metal wiring 65 and the 
third interlayer insulation film 64 might be 
covered. As this diffusion barrier film, the oxide of 
aluminum or the nitride of aluminum was used 
like the above. Finally, the SiN film was formed 
by the thickness of 500nm by the plasma CVD 
method well-known as a surface -protection film 
. 67 ( drawing 6 (c)). 
[0065] The value of remanence value 
Pr=7.9microC/cm2 and coercive electric field 
Ec=39 kV/cm was acquired by applying a diffusion 
barrier film also about aluminum wiring like the 
above-mentioned 1st operation gestalt. Actuation 
sufficient as a capacitor of ferroelectric 
random-access memory was checked. 
[0066] In addition, although the gestalt of this 
operation was used for the ferroelectric 
random-access memory which applied two-layer 
aluminum wiring, even if this invention is not 
limited to this and applies a diffusion barrier film 
also about multilayer aluminum wiring further, it 
is effective. 

[0067] Moreover, in the gestalt of this operation, 
although the SBT thin film was used as a 
ferroelectric film This invention is not what is 
limited to this. (PbxLa 1-x) It is also possible to 
use 03, Bi4Ti 30 12, BaTi03, LiNb03, LiTa03 
and YMn03, and Sr2Nb 207 (0 (SrBi2(TaxNb 
l-x)209)<=x, y<=l) (ZryTil y). 

[0068] Furthermore, although explained in the 
gestalt of this operation, using Pt thin film as a 
material of an electrode, it is also possible for this 
invention not to be limited to this and to use PtRh, 
PtRhOx, Ir, Ir02 and Ru02, RhOx, and 
LaSrCo03 grade. 

[0069] (3rd operation gestalt) The operation 
gestalt which is a stack mold quantity dielectric 
memory device using two-layer aluminum wiring 
is explained below using drawing 7 and 
manufacturing process drawing of drawing 8 . 
[0070] After forming the element isolation region 
69, the gate oxide 70 of a selection transistor, the 
source drain field 71 of a transistor, the gate 
electrode 72 used as a word line, and a bit line 73 
on the Si substrate 68 by the well-known method, 



flattening of the BPSG film is carried out by the 
bonnet and well-known chemical mechanical 
griding by the insulator layer 74 between the first 
passes which consists of well-known BPSG 
(Borophosphosilicate glass) ( drawing 7 (a)). , 
[0071] Next, the polish recon by which the 
opening of the diameter contact hole of 0.3 
micrometers was carried out to the source field of 
a transistor, and the phosphorus of 300nm or 
more of thickness was added the back is formed, 
by well known chemical mechanical griding, only 
the inside of a contact hole is polished so that 
polish recon may be embedded, and a plug 75 is 
completed ( drawing 7 (b)). 

[0072] Next, after depositing the Ti film 76 of 
20nm of thickness by the DC magnetron 
sputtering method, the laminating of the TiN film 
77 of lOOnm of thickness was carried out by the 
DC magnetron sputtering method. A TiAIN film 
and a TiSiN film may be used instead of a TiN 
film. Next, Pt film used as the lower electrode 78 
of a capacitor is formed by the thickness of 200nm 
( drawing 7 (c)). Oxidation RUTENYUUMU may 
be used instead of Pt. Well-known ultraviolet-rays 
cutback dew using a photoresist 
[0073] Next, barium titanate stolon CHUUMU 
(henceforth, Ti03 (BaxSr lx)) of 30nm of 
thickness is formed in the whole surface as a high 
dielectric thin film 79. Next, well-known 
ultraviolet- rays cutback dew using a photoresist 
after thickness forms the Pt up electrode 80 which 
is lOOnm ( drawing 7 (e)) RF bias was mainly 
impressed arid processed into the substrate under 
the pressure of 1.5mTorr, using C12 gas as etching 
gas of an electrode and TiO(BaxSr l-x)3 film. 
[0074] Next, like the 1st and 2nd operation 
gestalt, as a diffusion barrier film 81, the oxide of 
aluminum or the nitride of aluminum is formed so 
that a capacitor electrode and a high dielectric 
film may be covered. Next, it is an organic silicon 
compound (the oxide film was formed by the 
thickness of 500'600nm by the ordinary pressure 
CVD method or TEOS to which a tetraethoxy 
silane (Si (OC2H5)4, henceforth, TEOS) and 03 
were made to react, and the plasma CVD method 
to which 02 was made to react ( drawing 8 (a)).) 
as the second interlayer insulation film 82 on the 
capacitor covered with the diffusion barrier film. 
[0075] On the capacitor up electrode and the bit 
line, the opening of the contact hole with a 
diameter of 0.25 micrometers was carried out by 
the well-known photolithography method and the 
well-known dry etching method. Then, aluminum 



film of 700nm of thickness was formed by the DC 
magnetron sputtering method. By the well-known 
photolithography method and the well-known dry 
etching method, aluminum is processed and the 
first metal wiring 83 is formed. 
[0076] Next, the diffusion barrier film 84 is 
formed so that the second interlayer insulation 
film 82 and the first metal wiring 83 may be 
covered ( drawing 8 (b)). The diffusion barrier film 
was formed by the same method as the 1st 
operation gestalt. 

[0077] Next, it is an organic silicon compound (by 
the ordinary pressure CVD method or TEOS to 
which a tetraethoxy silane (Si (OC2H5)4, 
henceforth, TEOS) and 03 were made to react, 
and the plasma-CVD method to which 02 was 
made to react, Si oxide film was formed by the 
thickness of 600-1000nm.) as the third interlayer 
insulation film 85. Then, the opening of the 
0.25-micrometer beer hall was carried out by the 
well known photolithography method and the 
well-known dry etching method. Then, aluminum 
film of 700nm of thickness was formed by the DC 
magnetron sputtering method. By the well-known 
photolithography method and the well-known dry 
etching method, aluminum was processed and the 
second metal wiring 86 was formed ( drawing 8 

(c) ). Next, the diffusion barrier film 87 is formed 
so that the third interlayer insulation film 85 and 
the second metal wiring 86 may be covered. The 
diffusion barrier film was formed by the same 
method as the 1st operation gestalt ( drawing 8 

(d) ). 

[0078] Finally, the SiN film was formed by the 
thickness of 500nm by the well-known 
plasma-CVD method as a surface -protection film 
88. 

[0079] Thus, as for the polarization value of the 
produced memory cell, 10microC/cm2 and a good 
value were acquired in applied -voltage IV. 
Moreover, it was as good as 1x10*8 A/cm2 to 
applied-voltage**2V also about leakage current. 
[0080] In addition, although the gestalt of this 
operation was used for the high dielectric memory 
which applied two-layer aluminum wiring, even if 
this invention is not limited to this and applies a 
diffusion barrier film also about multilayer 
aluminum wiring further, it is effective. 
[0081] Moreover, in the gestalt of this operation, 
although the BST (barium titanate stolon 
CHUUMU, TiO(Ba, Sr) 3) thin film was used as a 
high dielectric film, it is also possible for this 
invention not to be limited to this and to use for 



the capacitor using a tantalic acid-ized film (Ta 
205), STO (titanic-acid stolon CHUUMU SrTi03), 
etc. 

[0082] Furthermore, in the gestalt of this 
operation, although explained using Pt thin film 
as a material of an electrode, it is also possible for 
this invention not to be limited to this and to use 
PtRh, PtRhOx, Ir, Ir02 and Ru02, RhOx, and 
LaSrCo03 grade. 

[0083] (4th operation gestalt) In the ferroelectric 
memory device of the 1st operation gestalt and 
the 2nd operation gestalt, and the high dielectric 
memory device of the 3rd operation gestalt, a 
diffusion barrier film may be formed also about 
the pars basilaris ossis occipitalis of metal wiring. 
The operation gestalt applied to the planar mold 
ferroelectric memory device using two-layer 
aluminum wiring is explained below using 
drawing 9 and manufacturing process drawing of 
drawing 10 . 

[0084] A selection transistor, a ferroelectric 
capacitor, and the diffusion barrier film 89 are 
formed like the 1st operation gestalt ( drawing 9 
(a)). Next, after forming the second interlayer 
insulation film 90, the diffusion barrier film 91 is 
formed ( drawing 9 (b)). As this diffusion barrier 
film, the oxide of aluminum or the nitride of 
aluminum is formed so that a capacitor electrode 
and a ferroelectric film may be covered. This 
diffusion barrier film is not limited to the oxide of 
aluminum, and the nitride of aluminum, and the 
barrier effect with the same said also of the oxide 
of Ta, the nitriding oxide of Ta, the oxide of Ti, 
and the oxide of Zr is acquired. 
[0085] next, the photolithography method and the 
dry etching method it is well-known on the source 
of a transistor, and a drain - diffusion -- a barrier 
film / the second interlayer insulation film / 
diffusion barrier film / insulator layer between the 
first passes is etched, and the opening of the 
contact hole with a diameter of 0.8 micrometers is 
carried out. Moreover, on a capacitor up electrode, 
by the well-known photolithography method and 
the well-known dry etching method, three layers 
of a diffusion barrier film / the second interlayer 
insulation film / diffusion barrier film are etched, 
and the opening of the contact hole with a 
diameter of 0.8 micrometers is carried out. 
[0086] Then, aluminum film of 700nm of 
thickness is formed by the DC magnetron 
sputtering method, by the well-known 
photolithography method and the well-known dry 
etching method, aluminum and the diffusion 



barrier are processed and the first metal wiring 
92 is formed ( drawing 9 (c)). 

[0087] Next, like the 1st operation gestalt, the 
diffusion barrier film 93 is formed by the 
sputtering method ( drawing 10 (a)), and the third 
interlayer insulation film 94 is formed. 
Furthermore, in order to form the diffusion 
barrier film 95 ( drawing 10 (b)) and to connect 
the first metal wiring and the second metal 
wiring, by the well-known photolithography 
method and the well-known dry etching method, 
three layers of a diffusion barrier film / interlayer 
insulation film / diffusion barrier film are etched, 
and the opening of the beer hall with a diameter 
of 0.8 micrometers is carried out. By the DC 
magnetron sputtering method, aluminum film of 
700nm of thickness is formed, aluminum is 
reached by the well-known photolithography 
method and the dry etching method, the diffusion 
barrier is processed, and the second metal wiring 
96 is formed. Like the 1st and 2nd operation 
gestalt, the diffusion barrier film 97 is formed by 
the sputtering method, finally the 
surface-protection film 98 is formed, and it 
completes ( drawing 10 (c)). 

[0088] (5th operation gestalt) In the 1st and the 
ferroelectric memory device of the 2nd operation 
gestalt, and the high dielectric memory device of 
the 3rd operation gestalt, an electric furnace 
performs temperature of 450 degrees C or less of 
300 degrees C or more, and processing not more 
than more than time amount 30 minute 60 
minute under oxygen, nitrogen, or these 
mixed-gas ambient atmospheres after aluminum 
oxide, the nitride of aluminum, or the oxidation 
nitridation of aluminum as a diffusion barrier 
film. After membrane formation, while it is the 
microcrystal which consisted of an amorphous 
substance or grain size of 5nm or less and the film 
presentation became a stable stoichiometric 
composition ratio by heat treatment, membranous 
compactness and insulation improved and the 
diffusion barrier property of good hydrogen was 
obtained. A diffusion barrier film is not limited to 
the oxide of aluminum, and the nitride of 
aluminum, and the barrier effect with the same 
said also of the oxide of Ta, the nitriding oxide of 
Ta, the oxide of Ti, and the oxide of Zr is acquired. 
[0089] Also in these films, by performing the 
above-mentioned heat treatment after formation, 
diffusion barrier property is remarkable and 
improvement was found. When heat treatment of 
a diffusion barrier film heat-treated by all 



diffusion barrier films or at least one or more 
diffusion barrier films, it has controlled 
deterioration by hydrogen. 

[0090] According to the ferroelectric memory 
device or high dielectric memory device of this 
invention After capacitor formation and metal 
wiring formation, the oxide of aluminum whose 
thickness is 10-100nm, the nitride of aluminum, 
the oxidation nitride of aluminum, the oxide of Ta, 
and the oxidation nitride of Ta are formed. Under 
oxygen, nitrogen, or these mixed-gas ambient 
atmospheres It becomes possible by performing 
temperature of 300 450 degrees C, and heat 
treatment not more than more than time amount 
30 minute 60 minute to form a highly reliable 
ferroelectric memory device or a highly reliable 
high dielectric memory device. 
[0091] (6th operation gestalt) Next, with reference 
to drawing 14 - drawing 17 , and drawing 13 , the 
operation gestalt of the manufacture method of 
the semiconductor device of this invention is 
explained in order. 

[0092] First, as shown in drawing 14 . the 1st 
interlay er insulation film 5 is formed on the 
semiconductor substrate 1 with which the MOS 
(Metal Oxide Semiconductor) transistor T which 
consists of a gate electrode 2, and the source/drain 
3 was formed in the field surrounded by isolation 
4. 

[0093] and this 1st interlayer insulation film 5 - 
CMP (Chemical Mechanical Polishing) 
flattening is performed by law. 

[0094] Next, as shown in drawing 15 , the 
titanium oxide film 6 used as an adhesion layer is 
formed on this 1st interlayer insulation film 5 by 
which flattening was carried out, and the 
platinum film 7 used as the lower electrode of a 
ferroelectric capacitor is formed on that titanium 
oxide film 6. This titanium oxide film 6 and the 
platinum film 7 form membranes by the 
well-known sputtering method, respectively. 
[0095] Then, the ferroelectric film 8 which 
consists of SrBi2Ta 209 (following, SBT) which is 
a ferroelectric with the spin coat method shown 
below is formed. That is, one-layer spreading 
[ 50nm thickness degree ] of the solution (the 
mixing ratio of a solution; Sr/Bi7Ta=8/22/20) with 
which the SBT configuration element was 
contained is carried out on a spin coat, and after 
performing the desiccation process for 5 minutes 
at 250 degrees C, it crystallizes by heat treatment 
in the oxygen ambient atmosphere for 30 minutes 
at the substrate temperature of 750*800 degrees 



C. 

[0096] The SBT film of desired thickness is 
obtained by carrying out by repeating the process 
by this spin coat method. With this operation 
gestalt, the repeat and the 200nm SBT film were 
formed for this process 4 times. Then, the 
platinum film 9 used as an up electrode is formed 
by the sputtering method. Then, using the 
well-known photolithography method and the dry 
etching method, sequential processing of the up 
electrode 9, the ferroelectric film 8, the lower 
electrode 7, and the adhesion layer 6 is carried 
out, and the ferroelectric capacitor SC as shown 
in drawing 15 is formed. This ferroelectric 
capacitor SC consists of the up electrode 9, the 
ferroelectric film 8, a lower electrode 7, and an 
adhesion layer 6. 

[0097] Next, as shown in drawing 16 , the 2nd 
interlayer insulation film 10 which consists of a 
silicon oxide film on the 1st interlayer insulation 
film 5 of the above and the above-mentioned 
ferroelectric capacitor SC is formed with a CVD 
method. Then, the aluminum-oxide film 11 is 
formed by the reactant RF sputtering method as a 
hydrogen barrier film on this 2nd interlayer 
insulation film 10 at 20"300nm thickness. 
[0098] Here, with reference to drawing 21 , the 
result of having investigated the hydrogen barrier 
property of the aluminum oxide film 11 used with 
this operation gestalt is shown. The curve shown 
in the lower berth of drawing 21 shows signs that 
the hydrogen yield is increasing with the 
increment in substrate temperature, on the 
substrate in the condition that the 
aluminum oxide film is not formed on the 
substrate. On the other hand, the curve shown in 
the upper case of drawing 21 shows the hydrogen 
yield measured on this aluminum-oxide film, 
where the aluminum* oxide film 11 is formed on 
the above-mentioned substrate. If the curve of a 
stage is besides compared with the curve of the 
lower berth, fully carrying out the barrier of the 
hydrogen which the aluminum -oxide film 11 
generates from a substrate to the substrate 
temperature of about 450 degrees C is shown. 
That is, it turns out that the aluminum oxide film 
used with this operation gestalt is functioning as 
a hydrogen barrier film. In addition, if it stops 
fully functioning as the thickness of the 
above-mentioned aluminum oxide film 11 being 
20nm or less as a hydrogen barrier film and 
becomes a thick film 300nm or more at reverse, 
the stress which an aluminum oxide film has will 



have an adverse effect on the ferroelectric 
capacitor SC. 

[0099] In the case of this operation gestalt, 
thickness of the aluminum-oxide film 11 was set 
to 50nm. 

[0100] Next, as shown in drawing 17 , the contact 
hole 12 which leads to the source / drain 3 of MOS 
transistor T is formed in the aluminum-oxide film 
11, the 2nd interlayer insulation film 5, and the 
1st interlayer insulation film 10 using the 
photolithography method and the dry etching 
method. Then, titanium 13 and about 50nm of 
titanium nitrides 14 are formed in order by the 
sputtering method as a barrier metal to the wall 
of this contact hole 12, respectively. Then, the 
tungsten plug 15 is formed with the CVD method 
shown below in a contact hole 12. 
[0101] As the manufacture method of this 
tungsten plug 15, first, it holds in substrate 
temperature of about 400 degrees C, and after 
introducing WF6 there as material gas, 
introducing SiH4 into it as reducing gas and this 
forming an initial layer lOOnm or less in it, 
reducing gas is changed into H2 from SiH4, and a 
tungsten is grown up. 

[0102] In order to prevent the reaction of WF6 
and a substrate, SiH4 is used for this initial layer 
as reducing gas, and after the danger of that 
reaction disappears, H2 from which high 
membrane formation speed is obtained is used for 
it as reducing gas. In the case of which, the 
hydrogen of a large quantity will be introduced, or 
it will generate. 

[0103] With this operation gestalt, without these 
hydrogen giving a damage to Capacitor SC, since 
the aluminum-oxide film 11 as the 
above-mentioned hydrogen barrier film which has 
high hydrogen barrier property is formed on the 
2nd interlayer insulation film 10, a tungsten is 
formed and the tungsten plug 15 can be formed. 
[0104] Then, the tungsten which exists in 
addition to the inside of a contact hole 12 and 
titanium nitride, and titanium are removed by 
the etchback method which is well-known 
technology. 

[0105] Then, as shown in drawing 13 , the 
photolithography method and the dry etching 
method are used for the aluminum-oxide film 11 
and the 2nd interlayer insulation film 10, and the 
hole 16 which is open for free passage to the up 
electrode 9 of the ferroelectric capacitor SC is 
formed. 

[0106] Then, the semiconductor storage element 



which forms the metal wiring 17 of the 1st layer in 
a hole 16 and on the aluminum-oxide film 11, and 
targets it by the sputtering method, the 
photolithography method, and the dry etching 
method is obtained. 

[0107] In addition, with the above-mentioned 
operation gestalt, as a ferroelectric film 8 which 
consists of a metallic-oxide dielectric film, 
although SBT was used, even if it uses materials, 
such as SrBi2(Ta, Nb)209, 0(Zr (Pb, La), Ti) 3, 
and Ti03 that shows paraelectricity at a room 
temperature (Ba, Sr), the same effect is acquired. 
[0108] moreover - although the spin coat method 
was used as the membrane formation method of 
the ferroelectric film 8 the sputtering method, a 
vacuum deposition method, and MOCVD - law 
etc. may be used. 

[0109] Furthermore, with the above-mentioned 
operation gestalt, although the tungsten plug 15 
was used as a conductive plug, even if it uses the 
titanium nitride plug which uses and forms 
hydrogen reduction as a conductive plug in 
addition to a tungsten, the same effect is acquired. 
[0110] (7th operation gestalt) Next, the 
manufacture method of the semiconductor device 
as 7th operation gestalt of this invention is 
explained. 

[0111] This 7th operation gestalt contains the 
above-mentioned 6th operation gestalt explained 
with reference to drawing 13 - drawing 17 , and 
has the manufacturing process shown in drawing 
18 - drawing 20 in order following on this 6th 
operation gestalt. Therefore, this 7th operation 
gestalt explains the process which follows the 
above-mentioned 6th operation gestalt. 
[0112] As succeedingly shown in drawing 18 from 
drawing 17 , the 3rd interlayer insulation film 18 
is formed by the CVD method and the etchback 
method on the metal wiring 17 and the aluminum 
oxide film 11. Etchback here aims at flattening of 
the 3rd interlayer insulation film 18. 
[0113] Next, as shown in drawing 18 , the 
aluminum-oxide film 19 as a hydrogen barrier 
film is formed by the reactant RF sputtering 
method on the 3rd interlayer insulation film 18 of 
the above at 20 300nm thickness. If it stops fully 
functioning as the thickness of this aluminum 
oxide film 19 being 20nm or less as a hydrogen 
barrier film and becomes a thick film 300nm or 
more conversely, the stress which the aluminum 
oxide film 19 has will have an adverse effect on 
the ferroelectric capacitor SC. 

[0114] Next, as shown in drawing 19 , the beer 



hall 20 which is open for free passage to the metal 
wiring layer 17 of the 1st layer is formed in the 
aluminum-oxide film 19 and the 3rd interlayer 
insulation film 18 using the photolithography 
method and the dry etching method. Then, the 
titanium 21 and titanium nitride 22 as a barrier 
metal are formed by the sputtering method to the 
wall of a beer hall 20 at about 50nm thickness, 
respectively. Then, the tungsten plug 23 is formed 
in a beer hall 20 with the CVD method shown 
below. 

[0115] In order to form this tungsten plug 23, first, 
substrate temperature is held at about 400 
degrees C, WF6 is introduced there as material 
gas, and SiH4 is introduced as reducing gas. 
Thereby, after forming an initial layer with a 
thickness of lOOnm or less, reducing gas is 
changed into H2 from SiH4, and a tungsten is 
grown up. 

[0116] In order to prevent the reaction of WF6 
and the metal wiring layer 17 of the 1st layer, 
SiH4 is used for this initial layer as reducing gas, 
and after the danger of that reaction disappears, 
H2 from which high membrane formation speed is 
obtained is used for it as reducing gas. Although 
the hydrogen of a large quantity is introduced in 
the case of which or it generates, with this 
operation gestalt, the aluminum oxide film 19 
which has high hydrogen barrier property is 
formed. Therefore, to the hydrogen generated in 
case a tungsten is formed and the tungsten plug 
23 is formed, the aluminum oxide film 19 serves 
as hydrogen barrier, and it can avoid that 
Capacitor SC receives a damage. 
[0117] Next, the tungsten which exists in addition 
to the inside of a beer hall 20 and titanium nitride, 
and titanium are removed by the etchback 
method which is well-known technology. 
[0118] Next, as shown in drawing 20 , the 
semiconductor storage element which forms the 
metal wiring 24 of a two-layer eye by the 
sputtering method, the photolithography method, 
and the dry etching method on the 
aluminum-oxide film 19 and the tungsten plug 23, 
and targets it is obtained. 

[0119] The capacitor property of the 
semiconductor storage element formed in drawing 
23 of the manufacturing process of this operation 
gestalt is shown. As the semiconductor storage 
element which has the ferroelectric capacitor SC 
which passed through the tungsten plug process 
which hydrogen generates in a large quantity 
twice as the manufacturing process of this 



operation gestalt explained was showed in 
drawing 23 , ?Pr (minute maximal dose) which 
shows the engine performance of a ferroelectric is 
25microC/cm2, and it became the semiconductor 
storage element which has a property also with 
very as good leak current density as two 10"7 
A/cm. 

[0120] As mentioned above, according to this 
operation gestalt, in the semiconductor storage 
element using a metal-oxide dielectric, 
deterioration of the capacitor property in 
conductive plug formation of the tungsten with 
which the hydrogen of a large quantity is 
introduced can be prevented. 

[0121] In addition, with this operation gestalt, as 
a ferroelectric film which consists of a 
metallic-oxide dielectric film, although SBT was 
used, even if it uses materials, such as Ti03 
which shows paraelectricity at SrBi2(Ta, Nb)209, 
0(Zr (Pb, La), Ti) 3, or a room temperature (Ba, 
Sr), the same effect is acquired. 
[0122] moreover - although the spin coat method 
was used as the membrane formation method of 
the ferroelectric film 8 " the sputtering method, a 
vacuum deposition method, and MOCVD - law 
etc. may be used. 

[0123] Furthermore, with this operation gestalt, 
although the tungsten plugs 15 and 23 were used 
as a conductive plug, even if it uses the titanium 
nitride plug which uses and forms hydrogen 
reduction as a material of a conductive plug in 
addition to a tungsten, the same effect is acquired. 
[0124] Moreover, with this operation gestalt, 
although the two-layer metal wiring 17 and 24 is 
formed, the manufacture method of this invention 
is applicable also to the method of manufacturing 
the semiconductor storage element which has the 
multilevel- metal wiring layer of three or more 
layers. 
[0125] 

[Effect of the Invention] As mentioned above, in 
the semiconductor storage element with which an 
interlayer insulation film and metal wiring are 
formed above a dielectric capacitor by the 
monolayer or the multilayer, and the 
semiconductor storage element of this invention 
becomes, either [ at least ] one [ at least ] upper 
surface of the above-mentioned interlayer 
insulation film or metal wiring or a base is 
covered with the hydrogen diffusion barrier film 
so that clearly. Therefore, according to this 
invention, it can prevent the hydrogen generated 
with the above-mentioned hydrogen diffusion 



barrier film at the process which forms interlayer 
insulation film metallurgy group wiring 
infiltrating into the above-mentioned dielectric 
capacitor. Therefore, deterioration of a 
ferroelectric film or a high dielectric film does not 
arise, but deterioration by the hydrogen of a 
ferroelectric capacitor is prevented, and it 
becomes a semiconductor storage element with 
the high reliability which has a ferroelectric 
capacitor with a good property. 
[0126] Moreover, with a certain operation gestalt, 
the above-mentioned hydrogen diffusion barrier 
film is the oxide of aluminum, the nitride of 
aluminum, the oxidation nitride of aluminum, the 
oxide of Ta, the nitriding oxide of Ta, the oxide of 
Ti, or the oxide of Zr. Moreover, with a certain 
operation gestalt, the above-mentioned hydrogen 
diffusion barrier film is the oxide of aluminum, 
the nitride of aluminum, the oxidation nitride of 
aluminum, the oxide of Ta, the nitriding oxide of 
Ta, the oxide of Ti, or the oxide of Zr, and the 
thickness's being [ of lOnm or more lOOnm or less 
degree ] amorphous or grain size is the thing of a 
microcrystal 5nm or less. 

[0127] According to the semiconductor storage 
element of the above-mentioned operation gestalt, 
it can prevent the hydrogen generated with the 
hydrogen diffusion barrier film of the 
above-mentioned configuration at the process 
which forms interlayer insulation film metallurgy 
group wiring infiltrating into the 
above-mentioned dielectric capacitor. 
[0128] Furthermore, by the manufacture method 
of a certain operation gestalt, using the sputtering 
method, the above-mentioned hydrogen diffusion 
barrier film is formed by within the limits with a 
substrate temperature of 25-400 degrees C, and 
performs 450 degrees C [ 300 degrees C or more ] 
or less of heat treatments for 60 or less minutes 
30 minutes or more under oxygen, nitrogen, or the 
mixed ambient atmosphere of these gas. Moreover, 
when forming with a CVD method, substrate 
temperature is heated at 300 degrees C or more 
450 degrees C or less, the organic metal raw 
material containing aluminum, Ta, Ti, or Zr is 
used for the main raw material, the mixed gas of 
oxygen, nitrogen, or these gas is introduced into a 
reaction chamber, and it forms under a pressure 
of a 1 or more Torrs 10 or less Torr ambient 
atmosphere. About Ti and Ta, the halogenides 
TiCl4 and TaCl5 of these metals may be used for 
the main raw material. 

[0129] Moreover, in the semiconductor storage 



element of 1 operation gestalt, it had hydrogen 
barrier property and the hydrogen barrier film 
which stands in a row to the above-mentioned 
conductive plug has covered a part of bonnet and 
above-mentioned capacitor insulator layer [ at 
least ] for some of interlayer insulation films 
between the above-mentioned substrate and the 
above-mentioned metal wiring, or one [ at least ] 
interlayer insulation films [ at least ] between the 
above-mentioned multilayer metal wiring. It can 
prevent the hydrogen generated with this 
hydrogen barrier film in case a conductive plug is 
formed infiltrating into the above-mentioned 
capacitor insulator layer. Therefore, deterioration 
of the capacitor insulator layer by hydrogen is 
prevented, and a semiconductor storage element 
with the high reliability which has a capacitor 
insulator layer with a good property can be 
offered. 

[0130] Moreover, with 1 operation gestalt, since 
the above-mentioned hydrogen barrier film 
consists of an aluminum oxide, the film which 
consists of this aluminum oxide can be operated 
as a hydrogen barrier film which has hydrogen 
barrier property. 

[0131] Moreover, although hydrogen occurs with 1 
operation gestalt in case this conductive plug is 
formed since the above-mentioned conductive 
plug consists of a tungsten or titanium nitride, 
with this operation gestalt, it can prevent that the 
above-mentioned hydrogen barrier film is also 
about this generated hydrogen infiltrating into 
the above-mentioned capacitor insulator layer, 
and can prevent returning the capacitor insulator 
layer which consists of the above-mentioned 
metallic-oxide dielectric film by the 
above-mentioned hydrogen. 

[0132] Moreover, by the manufacture method of 
the semiconductor storage element of 1 operation 
gestalt, since at least a part forms a wrap 
hydrogen barrier film for the above-mentioned 
dielectric capacitor on this interlayer insulation 
film after forming a wrap interlayer insulation 
film for a dielectric capacitor, it can prevent the 
hydrogen generated at the process which lays a 
next conductive plug underground as this 
hydrogen barrier film is also infiltrating into a 
dielectric capacitor. 

[0133] Moreover, by the manufacture method of 
the semiconductor storage element of 1 operation 
gestalt, since the above-mentioned hydrogen 
barrier film consists of an aluminum oxide, the 
film which consists of this aluminum oxide can be 



operated as a hydrogen barrier film which has 
hydrogen barrier property. 

[0134] Moreover, although hydrogen occurs by the 
manufacture method of the semiconductor storage 
element of 1 operation gestalt in case this 
conductive plug is formed since the 
above-mentioned conductive plug consists of a 
tungsten or titanium nitride, with this operation 
gestalt, it can prevent that the above-mentioned 
hydrogen barrier film is also about this generated 
hydrogen infiltrating into the above-mentioned 
capacitor insulator layer, and can prevent 
returning the capacitor insulator layer which 
consists of the above-mentioned metallic-oxide 
dielectric film by the above-mentioned hydrogen. 
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[Brief Description of the Drawings] 
[Drawing l] Drawing 1 (a) - drawing 1 (d) are 
manufacturing process drawings showing in order 
the first half of the manufacture method of the 
planar mold ferroelectric memory device which is 
the 1st operation gestalt of this invention. 
[Drawing 2] Drawing 2 (a) - drawing 2 (c) are 
manufacturing process drawings showing the 
process in the second half of the above-mentioned 
1st operation gestalt in order. 

[Drawing 3] It is drawing showing the hysteresis 
characteristic of the ferroelectric capacitor 
manufactured without covering metal wiring and 
an interlayer insulation film with a hydrogen 
diffusion barrier film. 

[Drawing 4] It is drawing showing the hysteresis 
characteristic of the ferroelectric capacitor of 1 
operation gestalt of this invention. 
[Drawing 5] Drawing 5 (a) - drawing 5 (d) are 
manufacturing process drawings showing the 
process in the first half of the manufacture 
method of the stack mold ferroelectric memory 
device which is the 2nd operation gestalt of this 
invention. 

[Drawing 6l Drawing 6 (a) - drawing 6 (c) are 
manufacturing process drawings showing the 
process in the second half of the above-mentioned 
2nd operation gestalt. 

[Drawing 7] It is manufacturing process drawing 
showing the manufacture method of the stack 
mold quantity dielectric memory device which is 
the 3rd operation gestalt of this invention. 
[Drawing 8] It is manufacturing process drawing 
showing the manufacture method of the stack 



mold quantity dielectric memory device which is 
the 3rd operation gestalt of this invention. 
[Drawing 91 It is manufacturing process drawing 
showing the manufacture method of the planar 
mold ferroelectric memory device which is the 4th 
operation gestalt of this invention. 
[Drawing 10] It is manufacturing process drawing 
showing the manufacture method of the planar 
mold ferroelectric memory device which is the 4th 
operation gestalt of this invention. 
[Drawing 11] It is the cross section of the planar 
mold ferroelectric memory cell which applied 
one -layer metal wiring. 

[Drawing 12] It is the cross section of the planar 
mold ferroelectric memory cell which applied 
two-layer metal wiring. 

[Drawing 13] It is the outline process cross section 
showing one phase of the 6th operation gestalt of 
the manufacture method of the semiconductor 
storage element of this invention. 
[Drawing 14] It is the outline process cross section 
showing the 1st phase of the manufacturing 
process of 100 million accounts of a semiconductor 
in the operation gestalt of the above 6th. 
[Drawing 15] It is the outline process cross section 
showing the 2nd phase of the manufacturing 
process of the semiconductor storage element in 
the operation gestalt of the above 6th. 
[Drawing 16] It is the outline process cross section 
showing the 3rd phase of the manufacturing 
process of the semiconductor storage element in 
the operation gestalt of the above 6th. 
[Drawing 17] It is the outline process cross section 
showing the 4th phase of the manufacturing 
process of the semiconductor storage element in 
the operation gestalt of the above 6th. 
[Drawing 18] It is the outline process cross section 
showing the 1st phase of the manufacturing 
process of the semiconductor storage element in 
the 7th operation gestalt of this invention. 
[Drawing 19] It is the outline process cross section 
showing the 2nd phase of the manufacturing 
process of the semiconductor storage element in 
the operation gestalt of the above 7th. 
[Drawing 20] It is the outline process cross section 
showing the 3rd phase of the manufacturing 
process of the semiconductor storage element in 
the operation gestalt of the above 7th. 
[Drawing 21] It is property drawing showing the 
hydrogen barrier property of the aluminum oxide 
film produced in the above-mentioned 6th and 7th 
operation gestalt. 

[Drawing 221 It is drawing showing the 



bis-TERISHISU property of the semiconductor 
storage element in the conventional example, 
[Drawing 23] It is drawing showing the hysteresis 
characteristic of the semiconductor storage 
element in the above-mentioned 6th and 7th 
operation gestalt of this invention. 
[Description of Notations] 

1 [ - Element isolation region, ] - A 
semiconductor substrate, 2 - A gate electrode, 3 — 
The source / drain field, 4 5" The 1st interlayer 
insulation film, 6 - The titanium oxide film, 7 
which are an adhesion layer - The platinum film 
which is a lower electrode, 8 - The SBT film, 9 
which are a ferroelectric - The platinum film, 10 
which are an up electrode - The 2nd interlayer 
insulation film, 11 - The aluminum-oxide film, 12 
which are a hydrogen barrier film - The contact 
hole to the source / drain field, 13 - A titanium 
film, 14 -- A titanium nitride film, 15 " Tungsten 
plug, 16 -- The contact hole to an up electrode, 17 
The 1st metal wiring, 18 - The 2nd interlayer 
insulation film, 19 - The aluminum oxide film, 20 
which are a hydrogen barrier film - The beer hall 
to the 1st metal wiring, 21 - A titanium film, 22 - 
A titanium nitride film, 23 - Tungsten plug, 24 " 
The 2nd metal wiring, 31 - A silicon substrate, 32 
- Element isolation region, 33 - The gate oxide of 
a selection transistor, 34 - The source drain field 
of a transistor, 35 - A polish recon word line, 36 " 
The 1st interlayer insulation film, 37 Adhesion 
layer, 38 [ Diffusion barrier film, ] ■■ Pt lower 
electrode, 39 - A ferroelectric thin film, 40 - Pt up 
electrode, 41 42 - The 2nd interlayer insulation 
film, 43 The first metal wiring, 44 - Diffusion 
barrier film, 45 - The third interlayer insulation 
film, 46 -- The second metal wiring, 47 - Diffusion 
barrier film, 48 [ - Gate oxide of a selection 
transistor, ] - A surface -protection film, 49 " A 
silicon substrate, 50 - An element isolation region, 
51 52 -- The source drain field of a transistor, 53 - 
Polish recon word line, 54 ■■ The insulator layer 
between the first passes, 55 - A polish recon plug, 
56 - TiN/Ti layer, 57 [ - Diffusion barrier film, ] - 
A lower electrode, 58 - A ferroelectric film, 59 " 
Pt up electrode, 60 61 - The second interlayer 
insulation film, 62 - The first metal wiring, 63 - 
Diffusion barrier film, 64 - The third interlayer 
insulation film, 65 The second metal wiring, 66 
- Diffusion barrier film, 67 [ - Gate oxide of a 
selection transistor, ] A surface -protection film, 
68 A silicon substrate, 69 - An element isolation 
region, 70 71 - The source drain field of a 
transistor, 72 * Polish recon word line, 73 ■- A bit 



line, 74 The insulator layer between the first 
passes, 75 - Polish recon plug, 76 [ - High 
dielectric film, ] - Ti layer, 77 - A TiN layer, 78 
A lower electrode, 79 80 - Pt up electrode, 81 - A 
diffusion barrier film, 82 - The second interlayer 
insulation film, 83 " The first metal wiring, 84 " 
A diffusion barrier film, 85 - The third interlayer 
insulation film, 86 [ - Diffusion barrier film, ] - 
The second metal wiring, 87 ■■ A diffusion barrier 
film, 88 -- A surface -protection film, 89 90 [ - A 
diffusion barrier film, 94 / The third interlayer 
insulation film, 95 / - A diffusion barrier film, 96 / 
-- The second metal wiring, 97 / A diffusion 
barrier film, 98 / Surface-protection film. ] - 
The 2nd interlayer insulation film, 91 - A 
diffusion barrier film, 92 The first metal wiring, 
93 
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[0 0 0 6] Ml lit. VtifcV> 1 6£J«@E$jl£ ffl^fc?£ 
l§Sf£y<^Sf+-^®f®iIIT-&& 0 Htcfcv^-c, l o l 
(i3MIIS-> 'J n 1 0 2 (isg^slff 1 0 3 

(ijffiR h7> y'X 9<T>¥-\ mtm, 1 0 4 it h 5 > v 
X ?<DV-X • >ffi*^ 10 5 t±'-KU y'j3>7 

- KUfc^sr- nir^s, sfc, i o 6itm-m 
fflmwmm, 1 o 7{±s*s, losupt t«mss, 
i o 9 (±^if mw-wm, i i o ii p t ±sb«s» i 1 1 
litttt'ojrit, 1 1 2i±*zjiw«eayii, 1 1 3»±* 40 
-#jRBe$i* 1 1 4(±ft®^iisie?r^i-, 

[0 0 0 7] COJ:3&&ftVfflR***''C->;'C::fflv\ 
fc&ffmfM^'JJi, ^y-BtefliU ##&^£>fc 
tf><7)S3R h 7 > v'x * - £flM Lfcft, £— flMffiSBl 

1 0 6 **HtU Tffi«S«>flMIV 1 0 7 fc LT, T i 
*4vm±T i nmVfoZmtTho TS1S1 0 

8, aSMEftlgtl 0 9, ±8|5ttffil 1 O&flWI"*,, 
■ *K?'fiyt> ^i£t- X ») ftnli" 4 C fc iz X *) * \ 

m%Bfcmz%£.-t2>*. : m<n**s<:s9^<ni£fi!iZWffl 50 



ftlM 2 0 0 2 -176 14 9 

-t^^«6C J£{ftM'i;rffi|l I 1 t LT, Ti, A I* 

4 mi Z r ^coBSftt; * WS9 ®M 
i-ZXnlztim^&o 

[ooos] -kiz, . -> >; 3 >SMBRfc ^«zjnm«|« 
Bil 1 2ZWtWL-tZ> 0 >k\z. *\s<'s9<r>±.ffimMtm 
$1 h 7 > >' x ^ <r> v - x • K u -f > ra * ^isse^-cjfis 

^jsae^i 1 3 £ffl^-cta$ti-£ Q af^u, ->';^>a 

St LT, 2-5 %w*3R*#tr#fflStT-4 0 0 < Cmjf^ 
[0 0 0 9] 

ii&W3i f Wifc L<t t b~t& mm] smmmm^mmmfc 
mt*mizmirztm : jt£ii%<, mz. mnmm%^ 

&&mmt%LX^ZKMiztt, Pt*I r^WffeW 

m%^%?mm2ktf*>z> 0 z\<ntztb. 7kmtfm.mzwm 

[0 0 10] -^5, #igf$> * U <7>MitIS-Cti7fc3i?^ 

fo**'<~s9±.\zfm^&mffl®xWkit, mm, ->7> 

(£IT S i H „ ) ^ x h ?i h ^-v v 7 > ( S i (O C 2 H 

5 ).. , feHTTEOS)ftf L-fcffc^fi^fflJS 
fty£(JilTC VD?£)^J; i}Mt^o -^^O/lfl-^ffl 

[0 0 1 1] ifc, MOS h7/y'X^tittt:*^ 
-> ?X'mj$.$1vX^Z>¥- i Mi*S T><4 X(i, MO S 

^-tf#H^;-c% 4 o ot;j^±4 5 o ttiTwjfejaasr-r 
^t, **3i*i£tfcL, r^- hmitmizm-tzt. xmz 

m&LWfcmtiLWZfeMLZ^X^ho CWffllCJ: 
cti, ?ftte.i±£it-t&o Z-CDfrmfoWclzx 

2>£it*Wm-tZ>1i&t LTli, &W1#ff^ : ^ W¥ 
8-335673 "t^, *4 vt±#HW 10-294 
4 3 3-^fi^tl^$it-5«t^(^ *-r/<v^*rtt«i-4 
i -ji:, T i % A 1 **vM4T a<OKffc!»J6:fc*Offi:8ky< 
•J7K1 1 1 «rJBJS-i-4Cfcji«a*fl<J-e4>4o 
[0 0 12] L^L^**f>, 2 5 6 Kf y hW±c7)»II 

SSA {: fl?ifb Ltv>4^ #JSI£^* ? 2 ■fcLfce-R fc ft 

4 0 ■ ' 

[0013] 2 ji Lfc?*if tt^M « 

^S-, HI 2U7F-to El 2lz&^X. 1 1 5(iii€S 



5 

-> ') >-m%, l 1 6 lUR^jHifW*, I 1 7 (ijlft h 
5 > ->'X ? cor- h ffiitBL 1 1 8 (i h % > 9 CO V 
-X • KU-i >Mi*, 1 1 9 IZ#<) > x ) 3 > I- Htt 

K&Y-vwM-zb&o ttz, i2o«±, m—mmmf 

III, 1 2 1 (±^-S1. 1 2 2 (± P t TSBi:®, 1 2 3 ti 

mmmimm. i2 4upt ±mn.m. 1 2 5 men*/* 

'JTR, 1 2 6(±*ZHBra«feSIK, 1 2 7 J±*-^«S 

a, 1 2 8(i»H*n<efltM. 1 2 9iJt&-&me&, 

1 3 0(i^ffi«lSIIIS^^1-o 

[0014] ^jRse*tui±ii#T ;u 5 -i •> ^m&wm 10 

TfK-a^Afi^l 2 7£J&£&tC, CVDStv'J 
n > KftBS-C* 4 SS=B fflttft M 12 8«U 2 H 
gcorn^-A^A^IiiSriiff U 7tH/v'xFt7 

■>AB6Jft*JBtfEi-4*6-c-<>, PJttU::, 2H@cot;u5 
—j- A EiSLL U JB WfetflS ZBlfcLX, >v s. 

[0 0 15] *HffiiltK(i4 0 OICmJ^T-ffM^n^^ 20 

nmmxm-v. **a«tt«Lfc»), *$hMB»Lfc») 

i£»-r* fc r ;u 5 - a. * a EJg(i8J& -tcOtf k3 fu ^ co 
BMkiag-C^«0*3S* f ll^*o (2 A I +3 'Hi O 
—Ala 0:>+3 H 2 t) 0 CCO^-JfCOTJUS-JL^A 

/<UT«/itfet±, Ttt«r»*w fc A* L 30 

[0 0 16] tfc, &JR&ft»*fefc 

ft fc it* e> itr ^ h o , S&ttTOXK fcttffl L fc F 
e R AM(Ferroelectric Random Access Memory) 

<D&m>m&frhffljs<%**?4&m i c * - f^ogm 

[0 0 17] CWJ:9*lc:.ffl(Cfcv^Tt±. ft«iilft.fl5 

ttisifbofc**;!!, = > a r fc o&fw^orfc-e* 40 

> ^Sf b^ ?^>ibH/7 ^SrffM-f C 
4 = 

[00 18] L^L4tJ*c>» Cco<fc T&^Jfgci^a-t 



^rf/Pl 2 0 0 2 -17 6149 
6 

D (Chemical Vapor Deposit ion) '/D-t7>t*li 1 .isTC 
t LT;k3R«r*A1-* C tVl£ < — ttWUtf feii-C 
«/ > 6 o C C0£i6, 5$M^f** * /« -> * !±*«{- «t 0 JItc 

[0 0 19] ceo J: ^ i*af^«bW^ftS:IS&<"fc*j;, 
#^¥8 -3 3 5 6 7 3 &«U*£ttTv»« =t ^ ^*-t^ 
Ti^il t it-C y >So ?3iMm^+ ^ /< -> ? 

') rtt^Wl-^SSjL-T- * >Bi^S5ftT ;u < ^ h, A|jg 
>S: U 7k« i: W^ttSrffi* HfCT o <b 1" 4 t cot- 

[0020] LfrLKrfb. zixh^m^'jrm^m 

cO|5^-C(±^+53-T% -?-COdr^/N'->^!f$t4(±> 122 2 IC 

[0 0 2 1] ^ZX\ ZCD5£mi±, iEKause** $ 

&COT-&*?, ^ ^iiitii;imf«ico^i: 

[0 0 2 2] 

[ISa^ft?^ 4 tzttxn^ffl ±E§ fit) Sr'JlBfci- 4 
-collet 4 JNiffE»ffT-(i, *#fr««Ji(c 
If *fWII**trBI*flc* ^ A*fM^iU ±E«t « 

[0 0 2 3] -co^co^2ifrfcHS«¥T-(±, ±l£±fie 

m mmm t tz it&K&mn&k <ti> o±® t tz 

Htv>4, ±l^tS^c07K«i£t5:^' , -' 7li:J:ot > mm 

iimf$Jr -v ' < -> ^ tea A-r zztzmrzo ttz 
»mfr> + / < -> * cotms i = «t ^ «■ 1* r , ffltoasf 

[0024] ^mmmx-\t. h%ii^%rjk>^) rm 

it, A 1 coggft^ A 1 coS-ftfe, a 1 (Dmtmitvo, 
T a coggfbtl. T a coS'fbKft:©. T i (DMiVffi, t tz 

\tztv>mmx'i)h 0 tfz, $>znffifmx-^ ±ie 

TKI±, Alcogffb^. AlcoSfb^, A 

lwiSfkSfb^. Taco^fb^, t *<n>mm.\m. t 

1 0 nmtl±l 0 0 nmttTSI<7). ^ B B a S*4vM±^ 
1/ -f >-9- -f 5 n maTcO'f&ISJIcO coT-i>4 0 

[0025] iMmmm^mmmmi-^i-i^ 



asm tmrt h xm-c%tk-t & %.m&±&Mwm* * 

10 0 2 6] *4£fl0B»fl>!!Hi*ffi-e(±, ± 

•as 2 5 - 4 o o t:w$E^=e^^^s«T _ t?L < (± 

3HR> i^l±-^ ( b<7)*'x»^#H5t:T'c\ 3 0 0t: 
J3L±4 5 0 < CtpI>^3 0 55-JLUJt 6 0£>JaT<rilft&l£fr 

% i^cvD OTittiai it ^is?as^3o 

0ttli4^mifi:ML, A U Ta, Tiit 10 
14 Z r **tr*«&»R«-*±W*l-Ufflv»-C, SX, t 

|AU 1 TorrWJi 1 0 TorrWT^H^T-C'ff* 
fc-f&o Ti, TaKo^Tl4, C;h.t><a£«<0/M3r 
Wt*T i C 1 a , T a C 1 r. SriflKfl-Kffln-C 6 4/ 

[0 0 2 7] -H«EB^^^3»f*iei«»T-l4. £ 

*±K&R8Hfc!to0i*fli«W» <b 4" 4 * -v / < v 9 

xu&m%mt<Dm<Dmfflm%m, ttzit, xtzpmn 

[0 0 2 8] c«>nH0ei8-e»±, **/<vrttS:«-L, 

±e&*E*&fcofflo«raiief&8& i^i4, xm&mco 
<> -a5£wv\ ±ts* *mm&>'p% < t i>-m 30 

iioTi>5. ^mcii?; c<97klf/s-<j rsitcj; 19, 

T, *35 U £ 4 * * v < -> * *6KK«>#fk Zffi£\ #14*) 

1g3fT-£tfi«-C-#4 0 

[0 0 2 9] -*Jji^!80^#ftK«3RT-(±, ± 

iEzkfg/ < o rmtmtr ;u?-vA^c>^4o 

[0 0 3 0] co||*S?BS8-e«4, ±fE*3Jf< , ;Tll7S*» 
fty^S-^Ajj^&^cD-C-. ,!<7)^<ffcT;l-S^7^ 40 

[oo3 i] ifc, -mmfm^mmm^it, ± 

1B»*1±7*5 ?'t> ? ? > 9' 7s t > * fc(«Wfc-f - 9>frh% 

4o 

[0032] z.<F>mmmx'\u ±£m*&-f?iw t 9 

it. Z<D%:£.L fc**j»«±E* IWtllAt 



!fi=P3 2 0 0 2 - 1 7 614 9 
8 

«t vx±&£mm<twmmmfrh ?m% 
[oo3 3] t/z, -mmitmnf-mmimm^mm 

-Jsmt . &P,f$»i& * ft** 6 % 4 * / < -> ? 

^ y * •> 9 £ ffM L f£, d <7>iMft 
IKI«fHK*J&)& U CO«W«feSBi±U, K-<ti- 
tta«±Efll*## * 'J rm^m-t 

Slit, ±EVm*fHR££KEa(-*W] £-£4 *- 

[0034] z\<nmm$mx\t, xmmm.^^^->9 

[0035] -mmwM<n^mmmmT-<^mm 
x&X'it. ±m*.m;< tm^^ct >i> $ - •> a a- h & 

[0036] zcDrnmnrnxit, ±e**/<u rijj% 

[0 0 3 7] -HSfi^SO^i»«3E«5fETO«!® 
*?±I4, ±IEi»S14 y°y 9-&9 >r*f->i tzitm.it* 
9>frb%2> 0 

[003 s] z\nm.immx{t, ±imw.my^9'^9 

> 9' 7^7- yitzitm.it* 9 >il-h^i>^h. z<D^m\± 

y'y 9-ZMj&i-zmzfrm*m±-tz>tf. zonm&m 

-T 4 <75 £ _hfS7k!t' < 'J T IT- (> o T R lhT' § , ±IEtKS 
[0 0 3 9] 

<Dmwiz-?^xi$fflizi%fflirZ> 0 
[0 0 4 0] (*10HWBSR)2«A 

4o 

[0 0 4 1] fi^MiaoT, Si«1S3l±&C % 

32. h y > ->* x ^ <r> y- v mitm 3 

3, WRYyy'y^9(r>y-7. ■ h'U-{ >mM3 4 , ' # 

£0O B P S G b 4' 4 Mffi^il 3 6fIo 7^ ^ 
(HI (a)), fitfi|fl5X/<y 9')>rmz£L T§P«H 
OtiS t L t 3 0 n m<7)T i Mi 3 7 S-f fi!t L, P 
t T8C«ffi3 S*100-200n raiSt 4 C -WT 
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h BtiBMEfftVIK 3 9 4- m&t Z>« SBT if fliW m&-m£ 

[0 0 4 2] m<fc&i&<r>lti%%Mt LX9 > 9 >\>3-l* 
yK(Ta(OCj Hs)r. ), t'X7X2xf jl/A.Jftf< 
-KB i (C? H. r, COO):), iiiJ/X h o>fa - 
H2xf^tt7- KS r(C; Hi r. COO)z ) 
S:ffifflL>to ? > ? ^x: h * -> KfcfMtL, 2 -J-^ 
^4r-4-t>-hf(Cjgfl|^, RtS 1 
0 Ot^-b 1 2 Ot^TiJQ&L-fc^ttftU 3 0 fl-WJ 
Kit- ^cof&. 12 OtT', RfZ-lzXoX±l&L 10 
fcji?/-jufc7|c53-«:l&*L.£o d<*>igflSU, 2 0H 
3 0ml ^yl/>i:tM5-ti:/:X ho/fa^A 2^ 
+t^-^Sr/Ta=l/2t:4-4il caiSrftl 
1 2 5t:3J*«b*Kl 4 0t:T-3 ofl-ra, i«L 

tzy£7,-7 7, 2 -Jt-f-Jl/'vaHt-*- h£S r/B i /Ta 
= 1 /2. 4/2 IC&4 £ ^ llMiDi, 1 3 0W>t> 
ISl50tt?l 0B#F^ JnSMtfliL^o 
(0 0 4 3] 'XU, ^ WjgifS j4» ffifr?-**) 
fc * fc ifflk t L TlSffl Lfc+v U>i P£*-f 4 fc*!> 20 

1 3 0 - 1 5 0 < CO?SHT-5B#fyK m r SLfzo Z(V 
\k. mWL<D S r B i 2 T a 2 0» OiftK^O . 1 m o 1 
/li:44J:o U8H8EU - ti£iitj»;i?{?[fc L/c 0 * 

[0 0 4 4] dOmflE^m^^ffl.L, UT<OX 

S-caMBMtfrS BT^BI3 9 «L/; 0 Si* 
«±U±SEOl«Eft«iKSriSST L. &£n<7)X fcf > ^ - h 

<6, 2 5 OCKftiifcL*:*? hTV- h±-?t£4lfcU & 

v»-e, m.Mipi~x 600 700 tWT« l 

tzo CWjaitIli4:3ia*l«)SU flftl¥2 0 0 nm<DSJl 
SSfcfKWI*?**' S B TSUI 3 9 fcjSRLfco 
[0 0 4 5] ^IC, mmWl OOnm^Pt 
0 «L^(@l(b)), 7* h l/y'X h£fflv*£& 
aoftftMUS/hSftttffi (ttT7 * h «; v ^7 7 -f -ft) - 

S£iDlU ^A'yytltLto x 7 fymt 
LT(±, ±tLt, C 1 2 77*x£fflv\ x.yf->yif7. 40 
1 . 5mTorr{Cl£*>, ? njfeg&jgic £ oTT* 

'<4TX&fV)jaL. PtSrJDlL^o WMfrlZ 
X, 700-80013. iifi^+T-Mi^ffo 
fco S B TBIfc J; tTFSMtffi* 7 * v x h 

Sa<^)7+ h'j7y'77-f-St±EK7'fX7 
fyy'Srffi^tiDlLto x 7 f>mi LTlii 
tUC 2 Fo 77'Xyffl^^TaaXL^o 

jo 0 4 6 ] Ujjff^^^TrmVLt 



( 6 ) WliiJ 2 0 0 2 - 1 7 6 1 4 9 

10 

E^flW£#Mi*i6«i-«& «t K*mLtz(m 1 ( c )) 0 ^a_ 

— </ ' R F 7y-^D>X/f 7 5"J> S tz i±m 



^yfttc I ijlm. Lt;<o. l &&iM&li 2 5"CJa±4 0 CC 

O2 /(O:. +A r)OT7*XJt$i±, 0. 
1^0. 5<0ffiHX"lj£BiM^*AL, E7J& 1 mTorr 

0 mTorrOlaffltrfiStH^f ofjo 
[0 0 4 7] l£tfc/<«; TROKVli, 1 0 n mfll 1 0 

0 n mtlTt L, &WtiMJg. 10 0t^b4 0 Ott', A 

1 OKftWfcflMLfco tMfc/* 1 ; T8I(±A 1 OSMtUJ, 
A I (DmifflOlzmM-fZ tOt^ < , T a OKffcft, T 
a OSft&ffclfc, T i (Dmitri tzltZ r<r>mV$BX-t> 

[0 0 4 8] ^IC, ffitfe^*'JT)g|4 lTlft«3;h.fc*V 
^±ic„ *-OSffl«feSIR4 2 1 lt*s-> a > 

ft^f(f F/Xf-Jfyy7>(S i (OC2 H r. ).. , W 
TTEOS)tO.! «:K(&*-fr*:#ffiC VDSW^Ii 
TEOStOz ZfcfcZ-ttfzy'y XtC VDftCJ: "9, 
SMfcffll* 5 0 0 nmJil±6 0 0 n mtlTT-ffM L7to 
[0 0 4 9] *±»*ti±*sJ:O f h 9 

COV-XtoXtfyi-f >±tC^C7)7* h 'J V7"77-f 

ftiiia f K7 Y x-yfyy-SCiot, i£g0. 8 ^ 
h D/X/<? ? 'J >?mz£ r)WkW-7 0 0 n m<OA 1 * 

x 7 f> j: 19 a 1 fcjpi m—&m&m. 43^ 

JFMU^dUl (d)) 0 
[0 0 5 0] ^-#RE^4 3io«tt>^-®K^ 

Htm 4 2 ^»t%lTI^^- L h7i4^MUi-- 
(-a-2-(-a^fetfe/-<';TjiiVi<A 1 (omm&z^A 




n-m^fc-rt) 0 nmfcTFi: ft«aS.L_0 L0^ C?>*<a 4 

o o t:-eAj_o^ik^s-ffM Ltz^kij^x tro 

t 2.nm\mm<^X^m0^ tz\t z r «onft 
[0051] >xiz. m^mmmmi stu, te 

O S fc * •/•/ £ »S C V Dffii fcJiT E O S 
{, L<I±S i H< fc0 2 *RlfeS-tf:^7*7X-7-C VDft 
(CJ:0, S i 6 0 0~ 1 0 0 0 nmMU:. 

-?-<7)fi:. ^Sl<07 * h 'J V 7 -r -ftfe j: 0'K7-fx 
■yfy^'SCiot, 0.8^m<?)k'7*-JHrfflnL 
tz 0 %<r>\k. DC7^4Dy7 > A7S"Jyy'Si:if) 
Biff 7 0 0 am<7)A 1 m&Ml£Ltz a 'k%\<r>7 * h 'J V 
7"77< — ftisit^ K5 'f x-yf-^ySUJ: •) A 1 £JJD 
IU ^-^JRg£^4 6JKU-(12(b))o 
#-&KBM4 6J3j:U f »=JiW«*SyR4 5 Z&mirZ 
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JO 0"5 2] ft&K, »M^gI)r^4 8 t LT, &&l<07' 
7X7CV Dvtl- ioT, Si NHg£ 5 0 0 n mfML 

*m&2^))o " ' 

[0 0 5 3] z<r> jr-7iri7tTpM i ft£ * * u -b ;k7>$ 
Wttt £ &*Q W y - -V - 7 1 - mit r ffl v > t ffl 7E L 

0 in 3 1- (i , a i ms. i m tfevf r R-etem l * v 

•>74#-ft£7jVfo EUKIi, A 1 Ei»*A lffiHb 

^•VA'y^cwti 2JiA 1 EUfciiiffl Lfc„ A 1 

* W±ffl5Sg-9- <f X 1 . 5 ^ mftOSSftlilJ P r = 
0.5-1.3/7. C/c m" i^flt^tSOKitLT, J£ 

TKSrilffl Lfc»953«ttP v = 8 . 2 M C/c 
m 2 , WE c = 4 0 KV/cmt^^t^l^ii 

[0 0 5 4] d^^B.ffitCiJV^Tfi, 21A 

t±cft(cpi5E£ft£k<DT-f±&<, £e>lc^Jf A lEtt 

[0 0 5 5] COHiftW®3Bllci3v^Ti±aSI*ft: 
LTSBT&ffilSrffl^Tt:^ C03&93l±^ftKlE5£ 
$ft£&<7,-C{±£<, (P b , L a , - x )(Z r v T i 
i - y ) 0 3 \ B i i T i 3 0 i 2 , BaTi.Oj , L 

iNbOj , L i T a O :i > YMn On > Sr - Nbi 30 
0?, (S r B i 2 (Tax Nb. - . )j O 9 )(0Sx, 

[0 0 5 6] £f>K, ^OHi£<0f^lZiJV»T(±^SiO 

KPl5E$ft<& PtRh, PtRhO... , 

1 r, I r0 2 , R u O 2 , R h O x , LaSrCoO 

[0057] (m2<ommm) 2sa i &&nm^tzz 

[0 0 5 8] &*OCO^ft.Cj:oT, Si*tE4 9±.C 
fs^frSifIi& 5 0, Mh7>yx?«y-h BSfbil 5 
U h7>yX^V-X- Kl^T >flit5 2, 7 — K 
»ti4y-htl5 3*MU fi»IOBPSG^f> 
4- * fflftJSK 5 4 "CSV \ fi*0Offc^ft««WW 
«SUi«JBPSGBSSr¥afbi-4o l-7>yX 
?OV-^S*SUi:@0. 3 ,u m<7)3 > ? ? 
■□Lfcfk BW¥3 0 0 nmJa±0«**i!aHl*ilfc.1fJ 



4¥BH 2 0 0 2 — J 7 6 14 9 
12 

3 y 9 9 Y * - ;urtc0A-i-° U y'j3> ^^JJJ&^jX £ ft & j: 
n ICilJflSS LT, 7'7 y-* 5 5 ii^^t i> (0 5 ( a )) c 
[0 0 5 9] ^fctC, 2 0 n m<7) T i IM-fc «t tfltl? 5 
0 nm*f) 1 0 0 nm(OT i NJllOfftliljg 5 6 S-DCt 
hnvx^'y^ 1 ; ^^ft.Cj: I'JfftSffML^o T i 
NBHWftb *; tC Ta S i NBI, T i A 1 NHI, T i S 

ti4P tBS5 7 £2 0 0 nmWf gfM.L^o ^1 

nnmftm t mm- l-c , stmmiMii t l t s b t hi 5 

Sfci^lfRP tl!5 9 ^tTML(EI5 (b)), &*0<7) 

T, 1. 5,«mHC±Sti^DlL, ^Y^'Sv^ttffi 
t L/Jo ^coft, m^tCT 7 0 0 - 8 0 0 r, S$«« 

ia^:4>t:«a^ff o 7t Q s b tir*s x ztfum 
[0060] h 2 u*j-i--ste^< , ;r8i6 0 1 l, 

TA 1 oKffc!&*-5v^d:A 1 <DW.itWl 

(c»o ttft/<';7WiA 1 <vmm, a i <nm.im\z 

[0 0 6 1] ^(C J£ft/<'J7l1?tI$*ifc*t^i' 
^±(C »-<7)Jira*6*tM6 l^ffML^o +^A-y? 
±^«ffi±Hl>*0W7 * h 'J v y-'v 7 ^ i K7 

^ 3. -j rfttc iot^ > y" y" h *-;i/SrgflO L^ 0 

DC?/* bo>Wy ^ U > Office i K 
IP 7 0 0 nmOA IfifMLto fi*0<7)7* h U 

57y-riiJJ;o t "K7'fx.-yf->^.cJ:*9, A l ^Sn 
IU ^— &SBE#I6 2 «U:(I5 (d))„ 

[0 0 6 2] ^-#«EI^6 2fcJ:D f ^z;)iraM 

j.fS!6 1 ^tSSi-^ «t 9 ifiife/^U TSI6 3 tML 
t(16(a)) 0 IWffiftA'JTRtLTIi, A 1 OgSfb 

(±, 1 0 n mtl± 1 0 0 n raJflLTt L, fttE?^ 10 0 
t:^f>4 o otJ-CA l oBMfcttfcfJjSLfco )S8S/3?ife 
<t y-'^K^f+liHujzEOil •) t?**o t£tfe^*'J 7li±A 1 
<nmtVa. A l <nm^\zMl£tz>is<r)X-ts. < , T a co 

Kfbife, T a (OSlbit-fb^, T i <DWiV®, Z r OgHb 

[0 0 6 3] ^U, »H«7)gKI6^ll6 4tLTSii 
ffcK* 6 0 0-1 0 0 0 n mWfKIMLfco ^-<75 

y^m^XoX^T^-^^mnLtzo ^(O'ik. DC7 

hD>X/<7 ^ U I)if7 0 0 nm<0A 

1 Wktfm Ltzo ftSlO 7 + h >) v 7* 7 7 y -?£fe j: 

6 5«U;(@6(b)), 

[0 0 6 4] »Z1^SS£#,6 5«J:0WH*PIUe 



(8) 



fco ;w*ft/< , jrllt Lfii, JtKH«, a [*>BMb 

6 7 t Ltftaw^XTCVDffiCioTS i NME& 
5 0 0 nmWf$fWLt(E16 (c))o 

[0 0 6 5] ±e» i nmmm t mm. r^i sm:o 

r = 7 . 9 ,« C/ c m a , JftSfrE c = 39KV/cm 
[0 0 6 6] £*S, ^fiO*i&<^^.(±, 2iA I BMI* 

iiffl l Btt£*# ^ * tc a v a«, c: <z>%^ n c: <t tc 

H5E^itSfc<7)-C-(i^<, £<b(C#-llA 1 SSi&Uo^T 

[0 0 6 7] ifc, dOXffiOJ&S.Cfev-CM:, 

jE^itS fe<OT-ii4- < , (P b x L a i - x )(Z r 5 . T 
i i - y )Oa B i .. T i 3 O i 2 , B a T i O 3 , 
L i NbOa , LiTaOn > YMnOi , Sr- Nb 
■i Ot « (S rB i ■> (Ta, Nb, - x )i Oo )(0S 20 

[0 0 6 8] C<^ffitf>BSU-iiv»T.±mffi£> 

Uffi5e$<tSiWC.±'&<, PtRh, P t R hOx , 
Ir, I1-O2, Ru0 2 , RhOx, LaSrCoO 

3 mzm^zzti>ait&X'$>z> 0 . 

[0 0 6 9] (*3 0|£ifiBS) 21A 1 BE*ft«rfflv»fc* 
* * £X SS Wfc ^ * ' J ^T-T-ab 4 %f&&8l \z -o v » t 0 

7 «t CMU 8 Wg£ itXglH £ E v >T BLT-cKWi" * . 

[0 0 7 0]fiao^ai:ioT, Si««6 8±i:, 30 
SPffl-IKfH* 6 9, ilK h 7 > v x ? w y - h stf UK 7 

<&^D<50B P S G (Borophosphosilicate glass) frhttZ> 
»— JilB]«e»Bl7 4T-Svs &ftofb¥ftttMHflW& 
tCil), BPSGBE^¥fflfb1-^(ll7(a))o 

[0 0 7 1] h7/-y^?<?)v-^i:> iltl 
0. h*-;i/«:HJPLI*, BH¥3 0 0 n 

mJa±OflM f i£flO £ *tfc rfi <) y'JnytfSU l>*QO 
.{fcWJ««Wffl*i£K i *) . = > * * H * - ^rtO*# 40 
'J v U ^ > j&«S«M&* ft* <£ 0 t-5ff(g U 7*7^7 5 
^i-*(E17(b))o 

[0 0 7 2] WkW2 0 nmWT i §17 6 £DCv 

0 0 nrnWT i NBJI7 7^DCv^- h o >X/<7 9 ') 
>/ftCJ:i)«lLt, T i NiiWftfcOtC* T i A 1 
NI. T i S i NRfcJflvTfc J:v\, *t/<y? 
OTS«S7 S t&SP tRfc 2 0 0 nmOl*$TJ&£ 
T£(@7(c))o PtOftfeOU. Kftrtz-r-i^A* 
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/J»»#tSW(WT. 7 * MJ v 'fv -7 < -m kV?4*- 
V J- m^X. 0. 3 ft mftlCjjulU * + 
? Tg|5m®7i^(S Lt'(i7(d)). 
[0 0 7 3] -XtC, Sf^mf^a?M 7 9 i: Lt, Ml* 3 0 
nmW^^'J 7A • X (-□yfa7/.(J-jiT(B a 
x Sri - x )T i O.i )&£®UffM-*-£o B^W 
A ! 10 0nm©Pt ±W«ffi 8 0 £ JTM L fcf£(SI 7 

( e ) ) , 7 * h u v z h £ ffl w » 'i^wwmmA-mt 

ta#(UT7 * h v ?-7 7 ^ tK7-fX7fy/ 
S^ffl^T, ^^'J-t^MltcOAiSTraiitCB a x s 
n-,)TiO,i Hl£ffl— TX^^fflv^TiaX-TSo 

(B a x S r 1 - x ) T i O 3 W&>3- v + > 7if7, 
t LT(±, itLTC h 1.5mTorr<0 

EE^T'-eitiEujisa*/ <-f r x £ en jn L»nx l ^ 0 

[0 0 7 4] >klZ, m 1 & «t C>'» 2 £ ffi 

Sfe/^'J T8H8 1 t Ltv A 1 cogg-ffc^^v^iA 1 cog 
ffc!|*+t/<y? =t cmif £ ■Sid 

^±U^X<75^W^tlKS 2 t LT««-> 'J ^ >fffr« 
(f h 7JC. h^r->->7 >(S i (OC2 Hs ),, , BITTE 
OS)i0 3 S-JRlS^-tir^SC V Dfeab* v>j±T E O 
S k O 2 Z SU£- $ 7*7 X-7 CVDSCi 1 ) ftf UK* 
5 0 0-6 0 0 nm^l|$t«Lfc(@8(a)). 
[0 0 7 5] +t/<->? ±««ffi±* J: ^"H* y h i&±" 

&&C0 7* h 'J Vy"77i'-ftfc < tO f K7'fX7f 
>^it(I«toT, ittiO. 2 5 pm<Dziy 9 7 

ft.-J: 0, 811? 7 0 0 nm«A 1 gg£ffML^ 0 &*QCO 

7 * b v y 7 7 4 «t o* K7 4 v * > rmz X 

<0. A 1 SriJDXU "*-^«BE4Sl8 37i ? ff^^it^ 0 
[0 0 7 6] ^XSF^Ifeltia 8 2 i3 J: ^-#JR 

E«l8 3£|glIi-SJ:T.c, tf^'J7l8 4^Mt 
* (B 8 ( b ) ) o l£«c/ < TRli* 1 HJfe^SS k m cxm 

[0077] is=«>vmiB9iii8 5 1 LT, mm 

y'j3Ht^l(f h7i^yy7>(S i (OC 2 H 
5 )< , ttTTEOS)tO a SrElD^-fr^ECVDS 
AivUTEOStOi SrSlS5-fr/:7 , 7X-7CVDS 
U J: 0 , Si mitmi 6 00-1 0 00 n mOfS^B 
l£ L£o -5-^>f^ ^raw 7tHJ7^77^-SiiJ:[; 
^■fx^f-y/ttCtot, 0.2 5^m(Otf7*- 

7*SU <£ , K»P 7 0 0 n ra« A 1 I^IILt, 
W7th'JV/77Y -fefc J; O* K7-fx-/f/ 
ii), Al £SDXL, m~&m$i&& 6 SrffML^ClI 

8(c)) 0 -ytu> m=mr$mms 5 a 

^.8 6 &&m-fZ> ill:, tefk^'J TBI 8 7 *fMt 

4 0 sutsc/fj TBstiifi 1 nmnmkm cjj&X'Bf&Lfz 

(@8(d))o 

[0 0 7 8] fttftic, ^® MISSIS 8 k LT, 1^7- 



(9) 

.15 

7X-7C V D?i-t:«t ot, S i Mm* 5 0 0 n m<DWZ 

[0 0 7 9] Z(T>X n^LXYmZKtzS^w-tfWft 
Hfifili, EfflnflEBE 1 VUfc^-C 1 0 ,« C/c m- £MF 

E+2Vif\ 1 X 1 0" 8 A/c nrr tifft-Ao 

[0080] c«)*iiwfl3«(±, 2)i a i s*ft£ 

UteS^* to-eiiij: < , ?t.i:^iAlEiSi:^t 10 

[0 0 8 1] C<^H*£<7)fliJSUiJ^TI±, tfffic 

WMi: LtB ST(f?^'J ^ • * h n>f-i^ 
A , (Ba.Sr)TiOj JSHtS-ffi^fcA*, Ciwfgiflli 
ciitcBBSgsa* *><D-Cti&< , 9 y J' ^BfcftHKT a 
2 Or, )^S TO(f^ >8§X hn>f i ')ASrTiO 

[0 0 8 2] £<blC, ^OXttOJEMRK&vt-ai. 

aUK5ES^* itf>-efi& 4> PtRh, PtRh 20 
0 * , I r , I r 0 2 , RuOi , RliO. , L a S r 
C o Os &&m\>*& CI t i>m&X'$>Z> 0 

[0083] (» 4 ofEtt^aR) * 1 osateesRiJ * tr* 
2 (vnmmn&mwfo* * g $ 3 ofgjfe&aso 

fctetfc/N-'J TgtSrffMLT^ 2 HA 1 B&»£ffl^ 

o<,»t, gi9ij ic^m i oco^jtxem^fflv^TtJiTu 
[oo84] $ i <nnmm t mm, shr v ? > * 30 

£ i t^ftWtft:* * & i OtfcJft/OJ 71 8 9 
JSi-*(l29(a))o *=JiWM6KK9 OWL 

fctt. atk/<';rK9 ieat4(0 9(b»„ -<75ffi 
z**/*is9 w.m& x vimmfkm * ws-t zzoizm 

j$.-f& 0 zoffik'O) TBUi, A l 4>Kft«K A 1 col 
ftW-RRje-r-S *>Ot?*<, TaORffcft, TaOSffc 
TiOgHttf, Z r<*>a£fbtrei>pq«l&/-C'j7 

[0 0 8 5] h7>~J*9V>V-X&£V t h'U4 40 

yf^fticiot, *£ik/ < u rm/m-m mmm/ 

0. 8 ,« m<0 u > ? V*-^Zmn-?Z> 0 itz, 

/<v 9±MW&±.\~. &£Q«D7 * V<) V9'y 7 4 -fefc 

go. 8, u ra03>^ h*-;uS-^Pi-4 0 

[0 0 8 6] -f^fs, DCv^^hn>XA7?'J>/ 
iiCi^ H7 0 0 nmff)AII^ffMU £*DC07 50 
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t h 'J 7?7 7 -f «t K y -i jl y -f- > J; 

»k Aifci mi£ift.'< ') r nmx L , ftKE* 9 2 

7>«$ft<2>(E]9(c)) 0 
[0 0 8 7] #S 1 wifcaflfc!8fc|B|«Ui, xsty 9 

') y r&X-fot&'i ') 71 9 3 4-Brjg; L(i l 0 (a)), » 

5HML(@10(b)), *-&«Baa t flkr&JRBUft 

aw/an*/ < 1 J 7 eioHii * j. •> > 9' l x , eg 0 . 

Affile J; (} , Oil? 7 0 0 n mco A 1 BlSrff^ 

>^'?4icj:i9A i *±sj:a'itft/<'jr*SpXL, 
mm& 9 6 3 ft* o » 1 . * 2 **Sff^ t iq«K. 
X^" y ^ >J > ^t?4fc|k/<'J 7119 7WL, 
^Bf^lIBI 9 8 «rfM L^)j!<;i--2> (HI 1 0 ( c )) Q 

[0088] (^5 nmtmm) mitexv t m2 <r>mm 

'J^T-uJov^t, tetfc/N-'j rmt Lt, a 1 ^fk^> 

a 1 ogffc!»**v»i±A 1 <r>mtmitm*f&&iz.\ 
■tpxmm i±a* s tz itc ix % ^#xsixt 
t\ ?a«3 0 ot:JiJ.X4 5 o^tri^ 0 53-w±6 

0frVXT<Di®mZ'irno dt«l*«i*a9f*4v^±5 nm 
/<';rttiW|?>^o tr(± a 1 oSftft> a 

1 ^Mfk^tcPl^i-^, <> < , T a <7)iSffct/, T a 

^<';7a*^f#ibn-5 0 

[0 0 8 9] -afbcogltcfcv^Tfes ^^HfltrJEOj* 

«v^(t^ft < t 4-HWfJELhOittfc/< , J 7ffiT-g*:*n : S^ 

[0 0 9 0] coHW<o!fiSI«fli^ 'J SIT-i fc«±*il 
* 'J «t ixlf, ^ ffMf^iJ X v^m 

E«IB«au, mi¥75 c l 0-100 nm60, A 1 <0lMb 
ft, A 1 WSftft, A 1 OKftSftft, T aORftft, 
TaWKfbSffcftSrBJSL, iSf R<lillf /:l±: 
^^><7)^.**X#HKTT% ?Sg3 0 0 - 4 5 Or, B# 
FbI 3 0 5J-&± 6 0 53'JiiT<7)^a^ ; ff UtCiot, 

[0091] (me (T>mmmy-k\z, mn-mn& 

[0 0 9 2] if, 01 4tCjKl-£ die, «+-*Sl4(C 

m t iitzm&ftizY- h mm 2 a x i/y -*/vv4> 
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3 h U h M 0. S (Meta I 0 x i de S em i conduc tor) I- -J 

> x 9 t a^is $ ix £ JNVft&& i ± u , « i <nm m 

[0 0 9 31 -fit, CKO^lWgF^t^SS-, CM 
P (Chemical Mechanical Pol ishing) fife iZX *)^S.it 

[0 0 9 4] 11 St^tiTi:, zco¥-Mit£ 

[0 0 9 5] -€"<0fx, WTU^-t"Xtf>3- H£(" io 
T\ Si.lMfr'C&S S r B i 2 T a 2 On (WT\ S B 
T)*<bft*aH»*(W*8*«ili-*o ■*•«:*>*., SB 

Tfliftxaw^sitfciiFiaciiFiftwa^Jt ; sr/B i/ 

Ta = 8/2 2/2 0)^, Xt'>3-hfl|50nm 
IPS**** U 2 5 0tt5 ^flcotili^ffo/: 

&, mffii&fg. 750-800 t;--c 30 »m<nmmwm% 

[0 0 9 6] lOXtfva- hiiUJ:4XgS-«t*)SL 
ff^-tlZioT. PJfM<75SiH<7)SBTI]i^t#^o CIO 
*M0B8l'Ctt, - <7)IfI£ 4 Ufg 19 ig U 2 0 0 n mfiO 
SBTK*?B*Lfco M^T, ±3WSffifc$:4fi&IR9 

m%j)UX L X, 13 1 5 tC/jr3" <fc -9 4" ■* / < v * 

*s 9 1 sMMcftR s t Twrns 7 *> <t ira** 6 a» <b 

[0 0 9 7] ^ctc, 01 6tC^i-J:o(c, JtffiSf l*m 
mm 5 Jo J: UUiE&mft* + / < v * S C ±ic , Wt 

i/>)*>wi : frb%&m2<Dmffimm:i o^cvdst* 

*'<'J rmt LTBMtT^^-^ASSl .1 £jKId1±RF 
y ? >>f&\ZX. 2 0 - 3 0 0 n mOffillStCl&JIl 

[0 0 9 8] Z\ZX\ 112 1 £#BSl,T, dOHifeff^ 

r-fiffl LfcKfbr ^5 -7 asi 1 1 OTiciB/N' i ;.7'ft£P 

^T-Sr^LTv^o CimcttU 02 1 WiSU/Tti 
Hi±, ±f£^K±tc^ffcr;u5-'>A|^i i«u 

IX. 8ffc7*"5-*ABSl i^\ 



( 10) W PI 2 0 0 2 -17 6149 

IS 

\ IT to ? - ■/ A < 'J T IJ£ > LT ISiig LTV>&C 
L4- < ft ►) , itl-, 3 0 0 n mJiH±<7)l?V'JgU^'5 

^ SCicffif^*s.iri- 0 

[0 0 9 9] colljaff^.o^^, S$ftr ;u < =. /,! 

I 1 <7)B%I?^ 5 0 n mt Lfz a 

[0 10 0] -kiZ, 0 1 7tC^i"J:-9lC, MOS F7> 
10 yX?TOV-X/KU'f >3i:li:43>?^ h*- 

S:fflv.»T, I^tT^$-t7ABIl l,H2«ra»SHi5, 
^l^Wieifllll 0UJfMi-4o :«3>?7 
h ;H 2 cO[*Hgl-> -f- ^ > 1 3 to X tm.it^ 9 > 1 
4*, T* ?)l>b LX, Ztl^iXS 6 nmgSXA 

. 7?v> ^afetcTintcfigiiii-rso -f-ofi, a > ^ ^ h * 

f > 7*7^*1 5«tS. 
[0 10 l]~CW^>i?'7Vr>7°7^1 5<75»ifi7T?i4: 
20 Ltli, *"f, »1S?aS4 0 OtfiSiCfmU -e^ 
IC, 8R#Mr*fc LTWFo *i*AL. Ix^tLTS 

1 H., ^iiAU, dittcj; 19 1 0 0 nmWTOWir 
ftmLfzik, ax^SrS i H., ^c>H2 iZ$cz.X?> 

[0 10 2] WFfi 

<Yji6ic, ji7C7yx t lx s i Hh &m^x&*). ^<r> 

2 ZMvtlfxt LX\$m-?Z><DXhZ>o ^-Tivcom&iz 
30 4CttC^* 0 

[0103] -oHiSfeff^-efi^ Ssv rtssr* 
■r-sffiriEo**/^; rut Lt<o^fbr^5 -7 ak 1 
1 7> f , ^ 2 mmwrn 1 0 ±{cffM ?atv> sot?, 

^ >^X-r >£-l£!BIL-c\ ?>^f>7"77M 
[0 10 4] 3>*? 1 2rti^WU 

40 [0 10 5] -t<T>m. 01 3(C7Kl-i9(C, U?ftTJW3 

-7AJH1 1 tsxirm 2 <7>mfflm%m 1 oiz, h'j 
v ^7 7 -< fiJs <t o* K7 < 3- v T-yy&im^x. 5ti§ 
^ SCco±«pmfii9^iSii^-4*-;n 6 

[0106] ^"Of^ . x/N° y 5"; > ^'r£, 7 * MJV7* 

II 7t> 1 6rti3J:0 f KftTfl'5-'>Affiil 1 

[0 10 7] ±E«tt»8R-e«i, ^«Kfb1*aSI«# 
50 WkfrhK&l&mn.WWkStLX, SBT£fflv»7ta*, S 
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r B i 2 ( T a , N b ) 2 0> . (Pb, La)(Z r.T i) 
Oi a«-e*«MBtt«r*-#-(Ba. S r)T i 0a 4 

[0 10 8] Sfc, Sfc»*{*«8 0JaEi!*ftkLT, X 

ffi.MOCVDS^^fflwtU^o 
[01.09] 'SfcU, ±K«ifc^S8"e»±, mWSff^y 

o 

[oi 10] (It^M^c, z<n%w<r>%7<n 

mmifmt tx^mtm^wL^^um-t^o 
[oin] maemn. 0 1 3 -0 1 7 £# 

SB L -CKffl L, fcffiat^SIS 6 %tti£8! £ ^ L , d W fit 6 

mmrM^i^m^^x. mi s~~m2 oizmizm-rmik 

t±, mttE^fS 6 *fflBS!(c3 I § ft < IS SrSiWi- 4 o 
[0 112] 01 7^<b?|£|£§, 01 81-^1- <t o 

c v d rife «t o* jl y f-y n* y 9 mx\ mznm miftf&iBi 1 

.SRI 8<75¥tifb*lB^t L/ct<7)-C-*^o 

[0 113] -^ctc, 0 i sustivi:, TR 
£ LTO|${tr^5-'7ARl 9 Sr, -hf££ 3 W/f P^fg 
WR 1 8 RlEtt R FXa-7 ? U > y"i£UT, 2 0 

-3 0 0 nm<75BI)llCj5!cR-r^»o ^WSSftT;u< — • 
Ml 9C01H¥* S 2 0 nmiAT-Cab-Si:, TBI t 

L-C+»t:«fiBL4<ft»J, iSSU 3 0 0 n mtl±tf>JP^ 

KuiitUfkr^^-^Aiii 9 ji*»oit.*jj«5ii»* 30 

[0 114] '-k\Z, 01 9lC7jrf<£?t-, S$fbTJU5- 

■>Aii9j3 <r>mra^m m isc, 1 n § o&jre 

US 1 7 Kjia-r* If T*- * 2 0 Sr., 7 * h «; V 7*7 

fx, ¥T*-)V2 0WI*ISIC, /<*)T * 9 fob LTWf 

* > 2 1 fcj; 0*Sfbf- ? > 2 2 * » -til-Pil, 

•J > ^'ftCT 5 0 n m?IS<?)BII?lC/S:8«1-.?>o -?"Of^ 

it'7*-)i'2 0l*li:ISt^ 40 
[0 115] :©^>^r>7'7/2 3rfMtii: 

ti, sr. *Rias«:4 o ccssuissifL. -t^K* 

ftjifXtLrWFc ir#AL, jfx;f*7.£LTS i 
£igA-f 6o ^mci 19, IPS 1 0 0 nmtlT«W 
JMLti, ix^*S iH4 tf^H* tcg;lT, 

[0116] d<7)^S(±, wfo t isa<o^sss^ 

1 1 7 i:<OEESS-|*<Vj«i)t2, MTtif* t US i H.. 
HaitjJ'fi'biiiHi frjlx^Xi: UTftffl-T-So ^f 50 
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? > ^ x f > LT ? > 7*x t" > 7*7 y 

2 3 ^ffMt SI$K:**fc+4>k*u*tl,-c, g£fbT;u? 
- -7 All l 9 ^7jc^/<'; T fcfc *) , * -v/«y * S c&tr 

[0 117] fc*7*-;u2 OfllWCMtS? 

*jx7f<»? a-ciifc*-*- & o 

[0 1 1 8] >fctc, 02 OlCTpi-i^tC, 2Jfg<o£ffi 

se^2 4 K-ffcr^^-^ABii 9, ^>nf>y 

7 7'2 3 ±(C X/^-y ^ 'J > 7*v£, 7 * h 'J 7^7 7 -f 

[o 1 1 9] 02 3 z\<D-mmm<r>m.7kiLmz£'i 
x am z ittz^mm eif.«+-o * r / < v ^ 4«h± S: ^f . 

7i«56^i-* ^ > 7*x r > 7*7 7*7°n -fcx * 2Sg/;?ll 

4> , 0 2 3 ICTjvf J: t 3MJMB&OttHE£^-t- 2 P r 
(fl-ffi*)jJ*2 5 ,u C/c m 2 T% ^O, 'J - ^«it^K 
410' 7 A/cm 2 t3tm*>X&M%$m.$:^-t-2>* 

[0120] tti^iii:, c^Wlciiti^ & 

l£X<D* -W < v * <ftH<D£it£ Kitf * - fc ^-C # -z> o 

[0 12 1] i^, dOKEifi^SgTJi, #»^t^lS«f$ 
M^bft^5SI§mMIi: LT, SBT»fc^ Sr 
Biz (Ta,Nb) 2 0 9 . (Pb,La)(Zr,Ti)0 

3 ^?aT-#lf«tt^7Kl-(B a, S r)T i Oj fcfO 

[0 12 2] 3MIMiflai8«)aW*i£fcLTIi, 
xt:>3- hfeifflv^**, X/<y 5"J 
fS.MOCVDSit'l'ffl^TUvv 

[0123] s^tc, znmMwmx'tt. mK&rf 3 ?? 

t LX 9 y 7*7, t y 7*7 ^* 1 5,23 «:fflv^ f . ii« 
1±77 7'co##t LT, ^yxrvJ-B:, tK^Ix 

*m^xfcr&-ti>m.it?- 9 y-fv rtm^x i> mn*% 
[oi2 4] ttz, ztDnmmxtt, 2mv>±&w.& 

17,24 «Ltv^7i { , ^Ol§W<7)S?it/7f£(±, 
[0 12 5] 
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$&wc«tiu±\ ±.iZ7kmi;{&;<')Tm~£^x. mmm 
mm*>&m&m£Bf$.t s nmx-^-t *****±Ki§ 
-iff -v / « -> * A-r * -i t s- m r s . l a«o -c , 

loi2 6] ifc. a**a<BKK-eut, iia**j£ft/< 10 
•J 7iii, a i oKft%x a i <Dm\m, a i w»ft2 

ffctt, T a <06SM, T a OSffc&f fcfflf, T i OBSft 
ft, ifcttZ rOBMtWe** 0 ifc, fc&ltiffiff^T- 
li, ±E**lttfc/< , Jri»±, A I ©Blffcft, A 1 coa 
{fc», A 1 <r>mtm.iWB, T a wKffcft, T a wSft@£ 

OifiSM 0 nmJJLhl 0 0 nmJ&TeflW), 
SWl^W ~s*t-{ X*«5 nmWTO|!&i£SOfcOT& 

& o 

[0 12 7] ±I2H»^SgtfO*if ffieH^U <£ fttf , 20 

/n'v * tcftAi-4 £ 1 £IWS 0 
[0 12 8] S*>*c, *4*iBBI!W>«ifi£tt-eJdU ± 

i&8 2 5 - 4 0 0 t«ilrtt«L, KSS, *> L < 11 
SH, ft ^OtfxcOjg^BtCTT, 3 0 0^ 

U±4 5 OTCJJIT, 3 0 53-U±6 0 SWaTOJSMQSfcfi 1 
i„ ttz, CVDftt«t4^li, *t£?§JS£3 0 
0 < CJil±4 5 or&TKSn&U' A 1 , Ta, Tiifc 30 

i±z r *^tf*«bfe«isfl-*±iBtfl-ufflv^T:, mm. t 

SAL, 1 TorrfeLt 1 0 TorrJilTO^HMTT-B 
fiStl-^o TU Talcov^TIi, ^iibOtSW^ny 
>-fb^T i C 1 ! , T a C 1 r. *:±.JIf4Kfflv*T *> X 

[0 12 9] -Hife^O^SffieH^T-T-ti, 

[oi3o] ttis -mmmmxii, ±e**/<uti 

A^ftr ;l- 5 - a ri> >b £ S cot-, c <r>mtr ^ s. - -> 

A^f>^4i**i^'; rm^zfrm;*') rmt l so 
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[oi3i] -%w>®t-(±, immmfe-??? 

i)<9 > / /7,7->t tzum.itf-9 >frh&z>frh. z<nB 

[0 13 2] -^«@0*#ff|E1t^+-c7)iSjt 

mx-m^-r h ^->^ c^xt ^ & R& 

[0 l 3 3] -*^©^c0^iiffietf.^c75MiS 

So 

[0 l 3 4] 4fc, -«tll^fflO^«fffi«X7-0>fiiB 

^-^ yfrhtzZzfrh, z<Dmm&7° : 7 7'$:&j8.i-z>miz 
mtf±ni* nmm t-« a-t * <o 4- ±fie*^/ < >j 
»si mff mfrh % & * -v / < •> ^ ijesnt* ««x s <i s co 4 

[Hffi<op B sm^^] 

[HI] @l(a)~ai (dXidcO^co^lco^ 

[H2] H2(a)-B2(c) (±±ia* i mmmmk 

[H 3 ] #«Be^i! ± ^HH^.fBS4*^J£^<U T 
BIT-MS U 4 v »T?Kii L §ilf «ff * -> ^ <0 1 ^ 
'J ->X^4-^i-|2IT-*4o 

[0 4 ] -«0||^<75-^*Sff^<O5t^ff+^^-v ^ 

wtxfj ->x#|4*^i-llTa4o 
[115] l35(a)~SI5(d){±, Z.<T>WR<F>W.2<r>% 

[06] B6(a)-H6(c)li, ±I£i2»i^ 

m 7 ] c <F>%.w<?>m 3 (D-mmmx-h z>*9~;?m 

%mn.fc* * 'J «T-coSgjfi^f*£^1-MiiI«HT-£> 

So 

[US] C <0|§^ 3 OH jfiB® -C* 4^?v?a 
«SI**^ * 'J 3tTco|^i?ji£ 4/1ti-Sgjixg[glT-^) 

So 



(13) 
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5 o 

[010] z<r)%Wr>%4 <D-mmiMX'tb^7"^-i- 
4. 

[aiii i m£m$v&*mm t^y'^-i-mmnw. 
[012] 2m&m&&zmmLfc7u-i-$mmw. . 

fM^EU --b^cOifS0T-^)So 10 
[013] ^<7)f§^W^2$f$fS1f.^T<0^ii^ffiO^ 

6 <vnm>&<v—o<r>$m & wtw&jjsm m 0-c& 

& o 

[014] _LK» 6 W£jfcS®JC;fc»t*^fcKt6*' 

So 

[015] ±MZm 6 ^*«i=^^tt^*-Sf*E1t* 

& o 

[016] ±E»6<OHIfiBSHc*Jtt*#**H5i835 20 

So 

[017] . ±e» 6 wnifi^SEu *jtt 4 4^i»f*Kif.« 

So 

[0i8] wW«wo*7«*jflgEa»uj3»t**»# 

E«»?o«j!tISo* 1 oSPi4-^i-«tn&XSWfffi0 
T-£>S 0 

[019] xie^ 7 «>%ffi£agi=gt*& *mmm.m 
1- <r)Wkm.iM<r>w. 2 osk **i-«Em&xawffiia-e* 30 

So 

[020] ±E* 7 (CiSttS f*f 

T-'<0Kiiiaw* 3 <OSKSr^i-«ii&X«W®iaT'* 

So 

[02 1] ±E*6.*7«BB»KJ5v»TfBR$ii 

-I) o 

[022] f£*flltc±>(t S ^jH$feif.*T-W fx f 'J 

■> x #14 i 7fi -t m t- $> s o 

[023] £ OHWW±e* 6 , IS 7 HiSff^Ufctt 40 
S^frfEftSfTcOfcxf-'J vX#14£^i-0T-£>So " 
[^<7>f&"E] 

1 2-r-h«ffi, 3-v-X/KH" 
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>Mlt, 4 — 5— fff 1 aBIHIfUtlS, 6 

R. 8--?Mr«S^-e*SSBTI]I. 
g I fflttft IE, 1 1 ■••**/<•; T K 

T-*sggftr;u 5 am, l 2— v-x/KW ^fl 
h*-^, 1 3-f 14— H-ffc 

f-i^^Bl, 15-5->nf>77^ 16— ±ffl&«1£ 
-v.con> ? ? h*-;K 1 7— £ 1 ?>£JK6Ei&l, 18 — 
^ 2 cofl IHftfSK. l 9 • • -im> < 0 Tflrc& S S$fbr ;u 
Sr^Affil, 2 1 cO^JSBB^WtfT^-;u, 2 

1 — f- 9> m. 2 2—SMfc*-*>il, 2 3-^>nf 
> 7°7 7\ 2 4 —IS 2 3 1 — v 'J >^ 

3 2- ■ jHiflW*, 3 3 ■ • -ilJR l-7>yX?«r 

ML 3 5 y'j3>7- K«L 3 6-8 1 Sffl^ll 

Bis 3 7-4HML 3 8-PtT»tffi, 3 9 -&f;f S 
ft3MSL 4 0 — PtJt««*. 4 1-«|RA>J7I, 4 

X'JTl, 4 5 : --«=*MgftH 4 6-fZiSE 
Ift. 4 7-Klfc'<y TK, 4 4 9-> 

'J ^ 5 0 - jRTfl-liUW. 5 1 -tHR h 7 > v 

x^cor- KKfbK, 5 2-K7 VvX^<75V-x • K 
H">tS*^ 5 3— -tf'J y'J KiH, 54-f- 

■ mttJUK, 5 5 'J y'J3> 7° 9 *\ 5 6 - T i N 
/TiS, 5 7-TS5W6, 5 8-3ftSlWft«L 5 9- 
P t ±ffl5«ffi» 6 0 -ttft/<»J TBI, 6 1 -itXJimffi 
UK, 6 2-«-#«Se^ 6 3-iflBt/t'J7l, 6 4 
•••*=* Wtt*3R, 6 5-IC4HBI, 6 6-itft/< 
') TBI, 6 7— ftSfKflOl, 6 8— v ') 3 >a&|g, 6 9 

m. 7 1 •h7>vX^<OV-X • KU-f 7 2 

••-f'Jy | j3>7-hU 7 3-t'7H ( 7 4—8— 
VNM&fgK. 7 5— #'J •/'J3>7 , 7/ 1 7 6-T i 
If, 7 7-TiNI, 7 8-T»«f , 7 9 — SJSf««: 
K, 8 0-Pt±»lI, 8 1-S^f'J7E 8 2- 
*X«M«SIR, 8 3-8-£«Ei8L 8 4-4tft/<U 
TBI, 8 5 W«»IK, 8 6-iZtS@Sl« 8 

7-Uft/<U7l, 8 8 8 
TBI, 9 0-#2Jim48iK, 9 1 -i£ffe/<U rR, 9 
2-*-^«B2», 9 3-fift/<'J7l, 9 4 ••■*=<■ 

mautii. 9 5-WJ7I, 9 6-ssx^Jsae^ 
9 7 <u TBI. 9 s -aw&mm* 



(14) 



#03 2 0 0 2 -1 7 6 14 9 




( 1 5 ) 



VffM 2 0 0 2 -17 6149 




( 1 6 ) 4$ Pi? 2 0 0 2 - 1 7 6 1 4 9 




1 2 3 



(17) 



WW 2 0 0 2 - J 7 6 1 



[121 1 0 ] [121 2 1 ] 




100 200 300 400 500 




-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 



[HI 4] 




(2 0) 



'W-m 2 0 0 2 -1 7 (5 1 4 9 



[SI 2 2 ] 




-6 -5 -4 -3 -2 -1 0 1 2 3 4 5.6 
SJSnfiEtV] 



